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THE EXTERNAL MORPHOLOGY OF THE ANT-LION LARVA, 
MYRMELEON SINGULARE, WESTW, (MYRMELEONTIDAE, 
NEUROPTERA ) 


Part | I, General Description, the Head and its Appendages. 


P. S. CHITNIS 


Department of Zoology, Nowrojez Wadia College, Poona, India 


a ae antlions are insects belonging to the family Myrmeleontidae, 
Order Neuroptera. These are very common and occur abundantly 
: in the Poona City area. A large amount of work has been done on 
' the ant lions, most of which concerns the adults. Among those dealing 
; with Indian forms, Needham (1909) has made notes on some Indian 
q Myrmeleontidae. Graveley and Maulik.(i911), have published notes on 
4 the development of some Indian Ascalaphidae and Myrmeleontidae. Esben- 
_ Peterson (listed in Zoological Records, 1931) has described the Myr- 
_ meleontidae of South India. Raff-Janet W. ( 1929 ) has described the life- 
ee history of Myrmeleon inopinus Walk. Trautmann (listed in Zoological 
- Records, 1927) and Wheeler (1930) described the biology of ant-lions. 
4 Killington (1932) has described the life-history of Hemerobius simulans 
4 Walk. Peterson Alvah (1945) has discussed and illustrated some infants 
_ of insects in which he includes Myrmeleon sp. of Ohio. 
| No noteworthy attempt has been made to describe the morphclogy 
_ of any of the Indian ant-lion larvae. Hence an attempt has been made by 
_ the present author to describe the morphology of the larva of dAvenelioy 
| Singulare, Westw occurring in Poona. 
. Material and Methods 


The larvae were collected in the premises of the N. Wadia College, 
Poona 1, (India). When live ants were put in the larval pits, the ant-lion 
larvae came out of the soil and tried to grab the ants. Such larvae in the 
‘act of capturing the prey were caught with the forceps. The larvae were 
1 illed and preserved in Alcoholic Bouin’s fluid. To study the external 
‘anatomy, they were boiled for about 15 to 20 minutes in 5% KOH 
tion, later washed in tap water, They were then dehydrated, cleared 
| clove oil and finally mounted in canada balsam. The dissections 

[J. Anim. Morph. Physiol., Vol. 7, No. 1, pp. 1-8, 1960] ; 


2 P. S. CHITNIS 


were performed under a binocular microscope. The drawings were made 
under a camera lucida. 


General Description 


The larva (Fig. 1) is gray to black in colour, is active and is thy- 
sanuriform. The body which is dorsoventrally flattened, is clearly divi- 
sible into head, thorax and abdomen. The head (Hd) bears a pair of 
long sickle-shaped mandibles. A membranous cervix ( Cvx ) joins the 
head with the thorax. The thorax (Th) is three-segmented, the pro- 
thorax being narrower while the meso-and meta-thorax are broader. Each 
thoracic segment bears ventrally a pair of legs. The abdomen (Abd) is 
eight segmented ; each segment, except the last, having a rounded bulge 
laterally. The first segment is the broadest, while the succeeding seg- 
ments taper gradually, the last segment being the smallest and semi- 
circular in shape. 


The body is uniformly covered with well developed ‘setae’ and 
hairs. The lateral bulges of the abdomen bear a group of spine-like hairs. 
The terminal abdominal segment has on its margin long hairs, while on 
its dorsal surface there are thick tubercles arranged in two rows. 


External Morphology of the Head Region 
Head Capsule ( Figs. 2 and 3. ) 


The head of the ant-lion larva is dorso-ventrally flattened and prog- 
nathous. The head capsule is oblong, being longer than broad, the 
length of the cranium is almost equal to the projecting mandibles and 
maxillae. 


The sclerites of the head capsule are so Completely fused together 
that it is hardly possible to see them clearly at ail. Due to the progna- 
thous nature of the head, the antennae ( Ant) and the stemmata ( Stm) 
have been shifted to the dorsal side and are situated at the anterolateral 
corners of the head. The fronto-clypeal area ( Fr-clp ) is a small triangular 
plate between the two antennae and has its anterior margin broader, with 
which articulates the labrum (Lm). Between the labrum and the fronto- / 
clypeus is a clypeo-labral suture (clp-Ims). An indistinct coronal suture 
{ CS) runs in a median line. The parietal areas(Prtl) are large, on 
either side of the coronal suture. The posterior region of head, the oc- — 
cipital area (OC ), carries dorsally the foramen magnum ( For ). 


The ventral side of the head capsule is represented by the genae (Ge) 
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Fig. 1—Dorsal View of Larva. 

Fig. 2—Dorsal View of Head. 
Fig, 3—Ventral View of Head. 

Fig, 4—Antenna and Stemma. 
Fig. 5—A—Labrum ; B—Labium,. 

_ Fig. 6—A—Mandible; B—Maxilla. 
a, a’, a’’, condylar surfaces; Abd, abdomen; abd, abductor muscle; add, adductor muscle ; 
Ant, antenna; apd, apodeme: Cd, cardo; Clp, clypeus; clp-lms, clypeo labral suture; cs, 
‘coronal suture; Cvx, cervix; Fl, flagellum; Fr-clp, fronto-clypeal area; For, foramen 
magnum; Ge, gena ; Gu, gula ; Hd, head; Lb, labium ; Lbp, labial palp; Lm, labrum: 
Md, mandible; Mdc, mandibular canal; Mx, maxilla; O, ocellus; Oc, occipital area; Pde, 
pedicel; Pmt, post-mentum; Prmt, pre-mentum; Prtl, parietal area; Scp, scape; Sq, 
Squama ; St, stipes; Stm, stemma; Th, thorax. 
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and gular areas {Gu ) which are fused together. The labium (Lb) is pre- 
sent on the anterior side. Brush like hairs are present on smali elevations 
en the anterior corners of the head on its ventral side. 

Antennae ( Fig. 4 ) 

The antennae are borne on the elevated areas of the dorsal side of 
the head capsule just inner to the stemmata. They are filiform, short, 
slender and 16-segmented. The scape (Scp) is cone-shaped, the basal 
porticn being broader, bearing a leng bristle. The pedicel (Pdc) is the 
longest segment and is attached to the scape by a membrane and is freely 
movable. The flagellum (Fl) is 14-segmented, each segment tapering 
gradually. Its segmentation is indistinct. The basal part of the first seg- 
ment is narrower which articulates with the distal part of the pedicel by 
a ball and socket joint, giving the flagellum considerable movement in all 
directions, mainly along the horizontal plane. The 14th segment is the 
longest, club-shaped and bears 2-3 minute hairs terminally. 

Stemmata ( Fig. 4) 

The larval ocelli are grouped together forming the stemmata. These 
are present on elevated areas on the dorsal side of the head capsule and 
are outer to the antennae. Each stemma ( Stm) consists of a number of 
ocelli. Between the oceli (0) is present black pigment and a few hairs. 
The probable function of these hairs seems to be protection to the lenses 
from the soil particles. 

Mouth Parts ( Figs. 5 and 6 ) | 

The larva is predaceous and the mouth parts are adapted for grasp- — 
ing, injecting and sucking. 
Labrum ( Fig. 5 A ) : 

The labrum (Lm) is an oblong and narrow plate anterior to the © 
clypeus (Clp). It covers the bases of the stylets dorseliy. The free side © 
of the labrum is wavy, with two depressions and three crests. The side © 


crests bear a number of fine hairs while such hairs are absent from the ~ 


middle crest. A number of setae are also present on the dorsal surface of 
the labral plate. ; 
Mandibles ( Fig. 6 A ) 

A pair of mandibles projecting from the anterior corners of the head — 
is the most conspicuous feature of the larva. These are very much elon- 
gated, inwardly curved, fanglike jaws. They are hinged to the anterior — 
lateral angles of the head by the dorsal and ventral articulations. This 
permits movement sideways 7. é. in a horizontal plane only. 
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Three regions can easily be marked in a mandible:—(1) The basal 
_ part of the mandible is lodged inside the cranium. The lateral flanges 
are round, while there is a notch in the midline on the posterior side, 
_ Over this notch is-a squarish chitinised area which marks the condylar 
surface (a). A small apodeme (apd) is attached at the base towards 
the outer side, and the abductor (abd) muscle is inserted on this 
_ apodeme, There is no apodeme at the inner flange, but it presents a 
' large, flat articular surface on which the adductor (add) muscle is 
' directly attached. Minute serrated scales are present on the inner half of 
_ the base giving the surface appearance of a file. The outer half is devoid 
_ of such scales. 


(2) The middle part is elongated, stout and broad. A small con- 
striction is present between the basal and the middle part. Towards the 
' outer margin there are two types of hairs ; the larger hairs numbering about 
_ ten and numerous smaller hairs. The inner margin shows about 11 to 13 
_ thick, pointed, large setae. In addition, there are three very Jarge spine- 
like hollow projections, and the mandibular canal extends into them. These 
larger spines help to hold the struggling prey. 


; (3) The third and distal part is a long curved, highly chitinised 
' portion devoid of any cuticular projections. It ends in a very sharp dag- 
' gerlike point which pierces through the body of the prey and the curved 
E portion together with its counter part on the other side holds it firm like 
‘forceps. There is a row of minute serrations on the inner side of the dagger- 
like part. 


The mandible is traversed by a tubular canal, the mandibular canal 
'(Mdc). The canal starts proximally from the inner side of the base of the 
mandible at the point where the adductor muscle is attached and opens 
distally at the tip of the mandible. The canal extends also into the three 
large spines as already mentioned. On the ventral side, this canal is open 
and in this open groove fits the long blade of the maxilla and thus a closed 
channel is formed between the two appendages, through which the larva 
sucks the juice of its prey. 

Maxilla (Fig. 6B) 

a Peculiar to predaceous, sucking insects, the maxillae are modified to 
m stylets. Each stylet has the shape of a sword, the handle of which is 
arked by a flat broad portion, while the blade is formed by the distal 
ved and slender stylet. ; 
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The maxilla is articulated with the cranium by a triangular chitinous 
piece which represents the cardo (Cd) of a typical maxilla. The cardo is 
firmly wedged between the labium and the cranial gular plate. (Fig. 3) 
Only the inner sides of the triangle are in contact with the labium and 
gular plate, while there is a narrow gap between the outer side of the 
cardo and the cranium, The cardo is articulated to the cranium by a 
small condylar projection (a’) ; and towards the outer margin, the surface 
is marked by the line of internal ridge. 


The cardo itself is formed of two sclerites which are themselves 
. triangular in shape. The basal sclerite is smaller than the distal one. The 
distal sclerite has its apex pointing forwards and forming a condylar art- 
iculation (a”) to the next part, the stipes. The ventral adductor (add ) 
muscle is inserted on the distal triangular sclerite. 


The whole blade or stylet represents the stipes ( St ), while the maxil- 
lary palps, galea and lacinia are absent. The basal region of this stylet is 
broad and flat with a rounded inner border, while its outer border has a 
small but distinct notch-like depression in which the condyle of the distal 
sclerite of the cardo fits in. The whole basal region is clothed with several 
rows of minute serrated scales. Similar scales are also present on the 
basal surface of mandibles. These scales at the bases of both the mandi- 
bles and maxillae probably help to form a firm grip between the two parts. 


The distal part of the stipes forms an elongated, curved blade ending 
in a very fine point. The margins of the blade are curved inwards a little 
to form a very shallow gutter towards the dorsal side. The maxiila is a 
little shorter in length than the mandible. The point of the maxillary 
blade, under high magnification shows minute serrations, 


The cardo articulates with the labium (Fig. 3 Lb, Cd). The cardo 
is in the same plane as the labium and forms a part of the ventral side of 
cranium. The proximal part of the stipes is dorsal to the labiuin, while 
the remaining portion lies under the mandible close to the mandibular 
canal. The stipes is at right angles to the cardo making possible the hori- 
zontal movement of the blade. 


Labium ( Fig. 5B ) 
Due to the prognathous nature of the head, the labium is situated at 


the anterior ventral part of the cranium. It lies below the bases of the 
mandibles and the maxillae. 


~~ 2-2) SS ne ee 
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The identification of the various parts of the labium in this insect 
with those of a typical labium is difficult. It is marked into three diffe- 
_ rent parts: (1) postmentum, (2) prementum and (3) palps. 


The postmentum ( Pmt ) is not divisible into the suabmentum and the 
mentum. It is an entire, small, chitinised Y-shaped plate. The anterior 
' arms of the Y are very blunt and short. The lower arm is continuous with 
the gular plate. A faint suture separates the postmentum from the gular 
plate. A highly chitinised internal ridge extends like a loop between the 
two extremeties of the anterior arms. A number of large setae are present 
_ on the ventral face of the postmentum. 


The prementum ( Prmt ) is a small, crescent-shaped plate lodged bet- 
_ ween the inner sides of the anterior arms of the Y-shaped postmentum. 
The ligula and paraglossa are completely suppressed, like the galea and 
_lacinia of the maxilla. 


From each anterior corner of the prementum arises a very large, 
_ broad plate, the squaamma (Sq). The squamma is movably articulated 
' with the prementum, and forms the basal segment of the four-jointed labial 
'palp. (Lbp) The sides of squammae are bulging and round. Their anterior 
‘margins only are lined with small hairs. From the surfacial area of 
& “Squammae, arise a number of setae. 


There is a small socket at the distal end of the squamma. From this 
" socket arises the second joint of the labial palp. The three distal segments 
_ of the palp are small. The third segment is very small, globular and bears 
' two large hairs. The fourth and distal segment is larger than second and 
“third and is club-shaped. There is a peculiar pit-like mark on the antero- 
: lateral margin of this segment, which is probably a sensorium. 


The size of the Jabium is small compared to the mandibles and maxi- 
liae. Hence it has probaly an insignificant role in feeding, but may have a 
_ sensory function. 


he 


Summary 


I. The dorso-ventral flattening, the gray to black colour and the 
“covering of the body surface by numerous setae and hairs are all the 
eco] ogical adaptations of the larva to the fossorial habit. 


, 2. The head and the mouth parts are described in detail, The 
mandibles and maxillae are adapted for grasping, piercing and sucking, 
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The food channel is formed by the ventral groove of the mandible to 
which is approximated the maxilla. sage 


3. The labium is small and may have only an insignificant role in 
feeding. It may have a sensory function. 
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THE AFFINITIES AND EVOLUTION OF THE MAJOR 
TRIPLOBLASTIC PHYLA OF ANIMALS 


C. J. GEORGE 
_ Post-Graduate Department of Zoology, American College, Madurai, India 


HE old group Vermes of Gegenbaur or Ehler is often said to be an 
incongruous medley of animals, some of them coelomate and others 
_ non-coelomate. In so far as Vermes included animals with an elongated 
body possessing antero-posterior orientation with an anteriorly located 
. nervous concentration, the brain, and with nerves proceeding backwards 
from the brain, they represent a level of organisation well above that of 
_ the coelenterates. Again, although some of the worms are coelomate and 
' metamerically segmented, their organisation is not so advanced as that of 
the arthropods which show definite determinism in the number of their 
segments. An earthworm or Nereis can have a varying number of seg- 
_ ments, but not most arthropods. In their antero-posterior organisation, 
_ bilateral symmetry and the often-prevalent dorsi-ventral flattening the 
_ Vermes have a lot common between their different types of members. 


The turbellarians represent the lowest rung of the ladder Vermes. 
They manifest an antero-posterior gradient field as well as a postero- 
nterior reverse field. They possess a stabilised head region at the ant- 
erior end. The posterior-most region has been stabilised as a hind ex- 
tremity. Though the turbellarians are often dorsiventrally flattended, 
_ the disposition of their central nervous system indicates that they have 
Mot reached that ventro-dorsal orientation so characteristic of annelids 
ith a ventral ganglionated nerve cord with nerves proceeding from it on 
ither side towards the dorsal side. In many planarians there are dorsal, 
entral and lateral cords with an orientation very much less stabilised 
han that of an annelid, 

In the cestodes there is no stratification of the gradient field into 
Meétameres as in an annelid, and their head region is as indefinitely 
tked as in the turbellarians. But the cestodes are capable of pro- 
ssively developing proglottids from the region behind their scolex 
and eventually severing them. The proglottids recall in some measure 
[J. Anim, Morph. Physiol., Vol. 7, No. I, pp. 9-14, 1960 ] 
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the metameres, but essentially they reflect only one aspect of metamerism, 
the asexual reproduction associated with metameric animals and as such 
they can never be equated with the morphologically and physiologically 
organised units, the metameres. Libbie H. Hyman, however, does not 
hesitate to bestow on the proglottids the status of metameres. 


The annelids stand as the most advanced type of Vermes with the 
body stratified into metameres. In addition there is a head region and a 
posterior end segment, both incapable of budding off segments. They 
have antero-posterior, postero-anterior and ventro-dorsal orientation fields. 
The annelids are thus a direct evolutionary projection of the more 
generalised worm type—the turbellarian. 


The phenomenon of growth as it takes place in the different units of 
Vermes reflects a characteristic evolutionary trend in that group. 
Theoretically an embryo of an elongated animal assumes the characteristic 
shape of the adult by growing cephalad as well as caudad. In some this 
erowth takes place more or less equally in both directions. Growth in 
the rhabdocoelid worm Stenostomum is of this type as ‘segments’ are 
added alternately in the anterior as well as posterior halves. This. growth 
is intercalary, the two terminal points having long ago been determined 
and growth affects only the intervening region. In the cestodes the 
posterior growth zone stops growing after the initial spurt, whereas the 
anterior one continues indefinitely as proglottids are budded off behind 
the scolex. In the annelidan trochophore intercalary growth is confined to 
the post-trochal region which elongates and buds off segments. After a 
while this growth finally stops. 


a ee 
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In the arthropods intercalary growth is exceptional. In the pro- : 
turans it takes place in the abdominal region and it is only the adding of _ 
a few segments ( anamorphosis ). Regeneration so characteristic of Vermes < 
is absent in the arthropods. The total numberof segments is always — 
determined in most arthropods. The Arthropoda is near the Annelida, and 
Peripatus is a living example of the evolutionary bond that links the two 
phyla. On the other hand, in the metameric segmentation of Amphioxus | 
and in the occurrence of solenocytes in the excretory system of that animal, | 
there exists a genetic relationship between the Annelida and the Cephalo- — 
chordata. It was natural therefore that attempts had been made in the © 
past to connect the chordates with the annelids. % 


A recent tendency, however, is to support the supposed affinity of § 
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echinoderms to the chordates through the protochordates. Some have 
considered it advisable to create two superphyla, the Echinoderm and An- 
nelid superphyla. In the former have been included the echinoderms, pro- 
tochordates and chordates, and in the latter the annelids, arthropods and 
- molluscs. The basis for this grouping is mainly developmental—resembl- 
ances in cleavage pattern, mode of formation of coelom and larvai charac- 
ters. The protagonists of this scheme of grouping are not unaware of the 
many exceptions which mar the validity of their contention. One definite- 
ly weak point in the scheme is that the metamerism of the chordates is 
assumed to have arisen independent of that in the annelids. A subtle 
distinction between chordate and annelidan metamerism is thus made, 


ily. It is not, however, legitimate to ignore the segmentation of the chor- 
date central nervous system in the embryo, for example in the chick. Nor 
_ is the close similarity between segmentation in Amphioxus and annelids 


, 
: 
C 
7 
4 
‘, 
; characterising the former type as a segmentation of the myotomes primar- 
: easy to be brushed aside. 

4 


The creation of the two superphyla mentioned above is a logical 
corollary of the diphyletic theory of Grobben on phylectic evolution, which 
7 _ postulated the early bifurcation of the bilateral stock of animals into two, 
the Protostomia and the Deuterostomia, The Protostomia include those 
_ animal groups in which the mouth is formed from the blastopore or at 
' the region where the blastopore closes. They are the worms, brachiopods, 
_ arthropods and molluscs. The Deuterostomia are those animai groups 
in which the anus is formed from the blastopore or at the region where the 
blastopore closes. They include the chaetognaths, echinoderms, hemi- 

-chordates and chordates. 


, To those trained in anatomy and physiology this grouping of the 
” principal phyla into two large associations appears highly illogical. The 
‘resemblance between annelids and molluscs is not certainly of the same 
ategory as that between annelids and arthropods. The common bond be- 
‘tween annelids and molluscs is the trochophore larva and the similarity in 
origin of the mesoderm from two teloblast cells. These resemblances can 
! s well exist even if they were both derived from a common ancestor. The 
 intercalary growth which takes place in a molluscan trochophore is different 
from that in an annelidan trochophore. In the annelidan trochophore elon- 
gation and subsequent segmentation takes place in the post-trochal region, 
while in the molluscan trochophore the intercalary growth takes place with- 
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out segmentation in the middle region of the larva but confined to what 
turns out to be its dorsal side. This elongation is almost at right angles 
to axis of the trochophore, but at the same time directed caudad more 
than cephalad. Asa result, in a mollusc the visceral hump is formed, and 
no great elongation of the body takes place along the antero-posterior axis. 
The arthropods though obviously so close to the annelids show no genetic 


connection with the mo!luscs and to include the two together in a larger 


grouping looks fantastic. Even the recent discovery of the metameric 
molluse Neopilina cannot tilt the balance very much in favour of Molluscan- 
arthropodan grouping, since it has yet to be shown that the assumed 
resemblance between that animal and a metameric one is not secondary. 


Even with certain embryological resemblances such as a tripartite 
coelom, the chordates with a totally different organisation cannot be as- 
sociated with the echinoderms. Though the echinoderm larvae are bilater- 
al, the type of intercalary growth which takes place in them is radial, that 
is growth in five lateral zones. Such an intercalary growth is unique in 
the animal kingdom. Again the supposed affinity between Balanoglossus 
and the echinoderms through a superficial resemblance between their 
larvae, and the occurrence of a tripartite coelom is countered by the 
widely divergent intercalary growth in development in the two groups. 
Growth in Balanoglossus is intercalary in a linear direction. Moreover, 
the larva of Amphioxus, the only true chordate, bears no resemblance to 
the Tornaria or to the echinoderm larvae. The occurrence of the tripartite 
coelom in echinoderms on the one hand and Balanoglossus and Amphioxus 
on the other is to be looked upon, in the absence of collateral evidence, as 
only strange coincidence. ‘ 


In the chordates the dorsal nerves in the head region are mixed, 
being composed of sensory and motor fibres, whereas the ventral ones are 
exclusively motor. In the body region the dorsal ones are sensory and 
the ventral ones motor. In the annelids and arthropods on the other 
hand the dorsal nerves appear to be motor and the ventral ones of mixed 
fibres. This reverse parallelism of the nervous plane—so it seems—has a 


meaning unless it is a coincidence. Is a chordate an annelid turned- — 


upside down ? 


There are a few more points to be mentioned in this connection. 
The echinoderms and molluscs though morphologically so unlike, neverthe- 
less show some similarity in the part their wandering cells play. In 


. _ ge ee 
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q excretion and regeneration these amoebocytes are indispensable in these 
two groups. In the turbellarians too the amoebocytes are important in 
regeneration. The molluscan nervous system can very well be equated 

_ with that of some of the turbellarians in respect of the disposition of the 

_ principal cords. The echinoderm nervous system can also be compared to 

that of the turbellarians in its primitive nature. 


The following points have been brought out in the fore-going 
_ discussion : 
: t. The annelids in their gradient fields and intercalary growth are 
a projection of the turbellarians—having acquired a new metamerism and 
_ a ventro-dorsal stabilisation of their body axis. 


2. The arthropods constitute a further evolutionary step from the 
_ proto-annelids. 

3. The molluscs and echinoderms possess an amoebocyte system 
organised for excretion and regeneration. This appears to be a heritage 
from the turbellarians. 


; - 4 The annelids, echinoderms and molluscs adopt diverse develop- 
_ mental paths to attain their respective adult condition. 


Ge 


5. The chordates show a reverse parallelism with the annelids and 
‘arthropods in the arrangement of their motor and sensory segmental 
nerves, and seem therefore basically related to the annelids. 


: 


j Based on the above premises certain suggestions are hazarded here 
“as regards the evolution and affinities of these groups of animals. The mest 
important of them is that the echinoderms, annelids and molluscs are 
_ regarded as evolved from the turbellarians each in a different direction, 
' primarily through a distinct type of growth. That means the three groups 
_ have come to possess each its respective type of body form and nervous 
"system as a direct result of acquiring a different type of growth potential. 


7 Some of the marine turbellarians creep much in the same way as 
the gastropods. The present day annelids compare so favourably with 


grounds to create the composite group, the Vermes, 
The Tornaria, the annelidan and molluscan trochophores and the 


_ resemblances. 
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The chordate ancestors must have branched off from a proto- 
annelidan stock and must have moved about with their nervous-system 
side up. A parallel for such a movement is found in some of the crust- 
aceans and insects moving upside down in water. It means that the 
ancestors of chordates must have been actively swimming creatures and 
not sedentary ones. 

Summary 
1. Arguments are advanced in support of a hypothesis that the 
turbellarians form a basic group from which the annelids, mollu- 
scs and echinoderms have arisen as a result of different types of 
growth processes. 


2. Thearthropods and chordates are offshoots from proto-annelidan 
stocks. 


3. If the above points of view are conceded, the supposed direct 
relationship between echinoderms and chordates is untenable. 
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5 _PERMEABILITY OF A PARASITIC CILIATE ( OPALINA ) 
| WITHOUT A CONTRACTILE VACUOLE 


( Miss ) TRIPURANENI INDIRA, 


Department of Zoology, Sri Venkateswara University, Tirupati, India 


Me! of the past and recent work on permeability was done on 
different plant cells ( such as Chara, Nitella ) and animal cells ( such 
_as red blood cells of guinea pig, man, monkey and rabbit, eggs of sea urchin 
_ and Fundulus and also muscle and nerve cells) using various dyes and 
_ Organic and inorganic substances. In all these cases it is suggested by 
_ the authors that the permeability is not merely by passive diffusion but 
it is also due to some active factor involving an expenditure of energy by 
4 the cell, to which Overton coined the term ‘ Adenoid activity’ and Hober 
_* Physiological permeability’. Recent works of Danielli, Davson and 
' Mitchell indicate a preferential permeability by cells specially towards the 
metabolic substances of the cell concerned. This should be all the more 
true in the case of internal parasites which will have to obtain their 
' nutrients through permeability of the body wall. Such is the case for 
example in several parasitic protozoa such as sporozoa and the protocil- 
‘iates which while experiencing wide variations in the chemical nature of 
their environment, yet do not possess any organelle either for intake or 
Becton of materials from and to the medium in which they live. In 
such cases it is to be assumed that the physiological permeability of their 
plasma membrane regulates such movement of material into the cell and 
vice versa. While some information is available on the sporozoa ( Adcock, 
1940; Pampapathi-Rao, 1958) little work has been done so far on 
parasitic protociliates which have also similar environmental problems. 


Hence it is of interest to study the permeability of parasitic ciliates 
which have no contractile vacule or oral opening. Specially the perme- 
ability to substances which are present in the natural medium of the 
parasite gives us some knowledge of their selective preferences to such 
substances and passive diffusion of other substances and the accumulation 
of certain food products in the cytoplasm. 


Material and Methods 
Opalina, a holotrichous parasitic ciliate from the large intestine of 


frog was used for this study. It is found freely moving in the large in- 
testine and also embedded in the rectal matter in innumerable numbers. 


[J. Anim. Morph. Physiol., Vol. 7, No. 1, pp. 15-26, 1960] 
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In all cases of permeability studies, a single organism was taken 
with sufficient amount of host rectal fluid on a clean depression glass slide 
and studied under the microscope. Glass wool or transparent paper does 
not prevent them from their free movement. 


Before starting to study the permeability of other substances, the 
osmotic concentration and hydrogen ion concentration of the environ- 
mental medium (rectal fluid ) were found. The osmotic concentration 
was determined by Barger’s method modified by Krogh ( Prosser, 1950) 
based on vapour pressure. A series of concentrations of sodium chloride 
solutions ranging from 0.5% to 2.0% were prepared. A fraction of a 
drop of each concentration was taken on one side in each capillary tube 
of uniform diameter and on the other side an equal amount of rectal fluid 
was taken. Care was taken to avoid mixing up of the two liquids at the 
middle. The two free ends of the capillary tube are now sealed with 
vaseline.to prevent any disturbances from outside such as entry of dust 
particles, free evaporation etc. [he two liquid drops were measured on 
a centimeter graph paper and left exposed at laboratory temperature 
nearly 4 to 5 hours or longer if necessary and again the length was 
measured. If the unknown drop (rectal fluid) is more concentrated its 
length will increase, if it is less concentrated the drop will become smaller 
and it remains as it is if it is isotonic to the other liquid (NaCl). From 
this measurement we will get a rough estimation of the osmotic concentra- 
tion. For accurate measurement another series of NaCl solutions in 
concentrations ranging between the two rough estimates were prepared 
(here it is between 1.75 to 2.0% NaCl) and the exact osmotic concentra- 
tion was thus determined by matching with the’rectal fluid. 


To find the hydrogen ion concentration of the rectal fluid, a drop of 


fluid is placed on a universal indicator paper ranging between pH 2 to Io. — 
The color developed on the indicator paper was matched with the color — 


given on the indicator paper book. The color was found to be slightly less 


intense than the color at pH 8 and more intense than the color at pH 7. 


Hence to know the exact pH another narrow range indicator paper between 
pH 7 and 8 was used and the pH was found as before. 


Indicator dyes cresol red and neutral red were used to find out the ! 


hydrogen ion concentration of the organism. The foilowing procedure was 
adopted to determine the pH of the organism. 01% solutions of the indi- 
cators were prepared ( Anderson, 1948). A fraction of a drop of indicator 


hee 
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‘solution was added to the organism taken on a clear slide and the change 
in color of the indicator was observed under the microscope. The color 
attained within the protoplasm after penetration of the dye was noted and 
the corresponding pH (given in Cowdry, 1952 ) was taken as the pH of the 
organism. 

| In all cases the rate of permeability is measured as the time taken 
for the penetration of the substance into the interior of the cell. “ Rate of 
permeability to dye stuffs is easy to measure by this method due to their 
colour change in the cytoplasm of the cell after their entry. But in color- 
Jess substances it is difficult to perceive the time of their entry. Hence the 
method given by Stiles (cited by Heilbrunn, 1952) was used depending on 
the visible changes within the cell such as change in color of a dye in the 
cytoplasm after the entry of the substance used. 


All dyes were used in 0.1% concentration to study the permeability. 
Acids, bases, and other substances whose permeability was to be measured 
are prepared in definite normality, in such concentration as the parasites 
could tolerate without toxic effect. The former two were prepared accura- 
tely by titration against base or acid as the case may be. Other substances 
were approximately taken in definite percentages or normal solution as the 
case may be. With each substance several individuals were tested to know 
its rate of permeability. 

; : Results 

Within the large intestine ( of frog) Opalina can survive well for a 
considerable time even after separating the gut from the frog (nearly one 
day ) if there is no dehydration within the gut. In dilute sucrose solution 
( 0.1% ) their survival is greater ( nearly one and a half days) under aerobic 
conditions. Sodium chloride solution even in sufficient dilution or in iso- 
tonic solution was found to be very much toxic to the organism. 

Under the microscope, Opalina appeared flat and nearly oval in shape. 
Myofibril bands running along the body and its multinucleate condition 
fere very distinct. The latter condition became clear after staining with 
leutral red. 

_ The osmotic concentration of the rectal fiuid of frog (7. ¢. the environ- 
Ment of the parasite} was found to vary between 1.8 and 1.95% NaCl 
equivalent. The pH of the fluid was usually around 7.9 while that of the 
ism was also the same, 

_. The permeability results are summarized in the following four tables 
ables 1 to 4). 


pS i aS a 


*so}NULUL 


OM} 0jdn spuodes OT 0} € Jo [eAIOJUT UL FP CLL: 39% 
Quo Jo aye OY} Je AjsnonuT}UOS peutoy Soponoe A MoyjaA—osuelo— poy je-1 pol [esjnoN “ty 
ekp oiseg 
‘woryerjoued s}f107ye2 WOOS PIV'ZzgQe 
_ uIsTUeSIO OY} 0} ITXO} PUNO} WOTFeIZWEOMOD Pare per 0} MOTIAA te par Josey *9 


akp jeineN 
users yYst[— 


*giqueo 0} Aroyd 
red Woy Tenpess UoTjeIjoueg “Sefonova ou} Jo 


‘g10Y} pure o1oy porvedde soynueis YorTg mo]ads Ystueeid—MoOT[? A if por jousyq + °S 
i “soy Nurul zov'gSv 

a uo} Jaye porq ‘“wstursio ey} Ut asueyo ON “UISIUeSsIO OY} OFUL ayerjoued jou ss0d uoei3 JAupPW «CV 
a ce *yoeI3 yep 0} pesueys Imojoo otwse[do} ueeis Yep 

=] -o1d ay} pue ssapuorjour etue9eq Ajeuy pue poue —soayoyed useis yep pue Cyg'61F 

5 -ssoy Ayatjoe ‘oAp ay} FO uonesjoued 1032 ATO qusy—users ysinyq 34ystT {SI anjq ouatAyweM *E 
= “palp pue ssepUorjour sueseq wisIUes1O oY} 

D soyMUIU OI JayFy “ wuseyd TeI}UEd 0} XE}IO9 wol} 

=| mojs Ai0A pure [enpeis uoljerjoued ‘wy Ulyy quid yy31— 9S9'969 

fa e se ]Joo 94} pepunorins 71 Suryesjoued ai0jog anyq Ystueeis }YsI[—petl S pel ogu0gQ =°% 
=> 

a 

2 


UOT}eUIIOF OY} Joye SoyNUTU € peiq ‘pue royye yuid Eeelze 
ye QUO poUlIOF sojonoeA eiyowI}UOOUOU OMT & Jy8—ssepInojoo— MOTE A ee aSueio TAyOW «CT 
safp sIploVv 
]]20 OY} JO IOLEzUr OT} soynurul Ul 


‘ghp ayy yo Arjue oy} 
0} anp wsrtuedio 9} Ul sosuvyy 


"IM Iepno 
-9]OW Y}IM 10}eOIpUyT 


ojur Sutyesrjoued 10332 akp  azerjoued 0} 
ey} JO IMojoo ul osuey Uexe} oul 


synjs ofp 0} Ay Iquewsed 


18 


I alavy, 


19 


ILITY OF OPALINA 


PERMEAB 


N SZr00°0 
*ploe oy} SsuIppe + $z00'0 { Soo'o { Io‘o 
Joyye Ajoyerpoulut perp 71 pue wWsTUeS10 oY} 0} dTx0} ar0M SUOI}21]UI0UOD 9S9t} [TV z£0'09 
poe oysoy °¢ 
“apis 1o1s1e3}sod yyst1 
24} UO pourIOF afonoeA v proe ay} Jo Arua ay} Jo 
OI J9}}V *,9I oydn padtains pue ATpides paseaio MOTI A —yurd—osurs¢G v N S00°0 
“Ur yeaq AreiqIo pure apiqowumt sureseq Aypenpery UISIURSIO BY} 0} OIXOT, N_ Io70 
‘pre oransAd NSoo'o ur ozis ur yuerys wstUeSI9 Z£0°9g 
poe oanihg ‘Vy 
‘wseyd [er}U99 94} 
peyovel II UsYyM pop pue UOIser [edI}109 pazozUa op FOURS N S00'o 
plow se aatjoe AVA oureoag = *wiseyd [eryu90 ayy Moa 07 yurd yy3rT je-1 N_ Io‘o 
ojur prow yo Axjue oY} I0zye paatams May AIO A gho ver 
i poe oye *E 
‘UISIUesIO OY} UT asueY pa 
“yieul ON ‘uty Suoy AyjoI1d v& 410F [Jam paatamns 99S OI N goSoo'o 
UOI}EI}USIUOD JoMO] UT ‘so}NuIU $1 UeYY oIOUr sso[Inojoo—yulg 99S QI N 9fIo‘o 
JO} SATAINS JOU Soop SUOT}VIZUSOUD JOYSIY YIM 9z0'06 
ple o0rT ~~ +z 
“AYIATIOR ST ut asueyO snonotdsaoo oN 
“*SaynurUr oz o3dn [Jem paatains ‘saynurut Sr 103" N r0°0 
peureser pur ozis ur yuerys }t Surppe 1azye woos sso]inojoo—yurd—esurig nl gzo0'gZ 
ple oyexQ ‘I 
( seqnurur pesn wor}e1}U90 


poe jo 


Inojoo ur aSuey) 


ul) 9zeI1j;0Ued 


-U09 pue 1YysreM Teno 
-9[0W Y}IM souR}sqns 


UOI}Ippe oY} 0} onp uusTURsIO Ot} ur osueqy 0} aye) awry 
4 P 
ae [ooATs euatAui a 0} pue sproe oluvssQ oO} Ayliqvauseg 


%@ adv 


(MISS) TRIPURANENI INDIRA 


20 


TOA 
POATAINS WINTpoU [vINzeU OJUT SUTO}sUeI} TOIFV 
‘guity Suo] Ajjerd & Joj [Jom poAtains pue ‘g1ju90 


ayy 0} Azoydiied oy} wort jenpess uolzerjoueg N 1'oO 
“palp pue ozis pouteds1 ‘pashjousryid ]je9 N $0 
*AYIAT{OV UT JO 9ZIS UL TOY}LO WIST 
-ueSio oy} ur esueys ON “saynutM S 10zjv pod AS NI 
gro*z9 
( joyoore orpAui ) 
, oos|s oueyAqyay 
"So NUTUI 
G uvy} S1OUI SATAINS JOU pPIq ‘SUOT}eI}USOUOD 
Tle Ur paste jUaUISAOUI oY} puL wiseid peijUed ry 
ay} Ul Uses SeIpog peuTeys Yor[q euloS “Ajyenp ic N $zoo'o 
eid pases USAC puL yenpeis uolyerjoueg ssopIN0[OO-—yulg jOL ,2 N_ §00°0 
Vv N  10°0 
gro vt 
phe o1ur0oy 
3 “twise[dojzA0 at{} JO WOT} 
-EZIJONOVA YIM Pad “1OTI9}UT ey} FUT prow et} 
JO aouvsjUa '9Y} Joye ,Z Toye “97 ,O1 40qyZe PIP 
pue oatjoeur Ayjenpris oureoeq wistuedio £91} U9 
ay} spremoy popeedoid uoyeyeued sy ‘wseyid 
jeljueo yorel 0} 9 Yoo] ‘wuse[d yeijueo oY} ssojinojoo—yurd—esuesO 18 01 @ N loro 
0} WOTsaI TeoI109 oY} WOT} yenpeis uolyerjaueg ygo'z6I 
pre 9M) 
( soynurUL pasn wo0lze1}U90 


jee 
UOI}Ippe ey} 0} ENP UISIURSIO oY} UT esuUeyD 


anojoo ur esueyD 


ul) 9}eIj0ued 
0} Uaxe} OUILL, 


-U09 pue }YsIOM Ie[ND 
-OJOU YIM 9OUeISqNS 


8 


“L 


y 


( penunuog ) z aTavL 


Joos|S auelAyIg 0} puw sproe dIUBSIO 0} ANTIQvewjodg 


a ‘TJM POALAINS ' 3 
ynq onbedo oureooq -uoiSar TESHAOO LOUD WI. een Gea 
OU }Nq ‘UstUPSIO ay} Jo sovJANS ay} UO parvadde 
soporied ouy pue oesreoo poureys. uMoIq yIeq HOGwS %940'0 ‘%Sz1F0'o ‘%Szr'o0 
*WISIUBSIO OY} 0} OIXOT, AAC AS oN ly 7 


Ee) 
*aIOJOq UPY} OATIO“ dO pik NU ocho: 
gro'Ser 
*so}nutul g o}dn poAtAins ple ong 
HW WNIpe [eInjeu s}t oyu Surseysuvsy Joy na 
< ‘auty Suoy Ayjo1d & paataing ‘azis sqrt paureser 
S Joye] pue ozis ul yueIYs qf seseys yeryrur oy uy 192 N 1'0 
a perp pue pesdAjourseyd {a9 N SO 
Bs ‘soynui f J03Je poiq iE NOSE 
+909 
5 ee ang 
bi “UNI pout 
FA Teanjeu s}r OjUL sulIIejsuer] Iojye poatains 1g N r00°0 
4 ris SpUodes OZ JoIe porq Naselexe) 
2 a Sptlooas IT 10932 porq N. I0°0 
= c ; gkorzs 
re | *(HO) "HN 
. “uaes osye ore sjods poure}s yrep aui0s 
"U9ISeI TeONI09 oy) WoIy Surstre poivedde pue 
JOUNSIP VII *ATJOUT}SIP Woes s[LIqyoATT “Te YTe Mor[oaA—osurig, if ; N 10°0 
94} JO uorzedzoued oy} J0j7e yUeTedsueI] oUedag For'9S 
HOM 
ate soy nurut UW0T}e.1] 099 
Jo uonerjoued 04 oa Hsia oy) ut seSueyy Imojoo ur asueyy Ul = ayeryoued = -ul09 pure yy SIEM IeTNO 


0} Udye} OWI -sfoUr YM soUL}sqns 


Reais iy eUIpoy Puy prow oq ‘vesQ “( HO.) "HN ‘HOM 0} Arpiquomseg 
€ alqvy 


ee eee ae ees ee ee tT ee eae ew 


—s-- 


< 
= |S x0}Fe pod ; 
2 "plow Surppe op ie NFS 
 —-Jo}Fe PUOWIIAOW OAT}OV ON “UOT} op fe N G0 
H o-eztjonoevA 0} anp ,I Jaye peld ssopINojoo—Julg 08 Ni 
Be +00"g6 
3 ’0d°H 
x ‘soynurur Y Joye peld KG N $0070 
= ‘a NUIUI I Joye pod moyjoS—umoig —yuId—asueriO oe N 100 
; zg" g6 
g *OS*H 
a *soynurul S Jajye ped op a tate N $00'0 
‘soynutm € 193Je pod yurd 0} edues0 y4S1T \@ N Io°0 
gSv'9€ 
DH 
poe oy} Jo Arjua oy} Tes2t So}MUIU UT pe ei conenas 


0} enp wstues10 ay} Ul esueYD 


SS 


| 


22 


JO Jol1o}UI oY} 0FUT Surzesjoued 


raqje aAp oy} fo InopoOo ur esueYyD oyerjoued 0} w9xey SUL 


sploe suvssouL 0} ApIQuesJad 


y alavyL 


pue 


yysIOM  Te[MosjouL 


UWA plow oy} jo owen 


PERMEABILITY OF OPALINA 23 


| Discussion 
Permeability to dye stuffs : 
| Permeability of the basic dye neutral red is relatively more rapid 
_ than that of neutral or acidic dyes. It is perhaps because of its high 
- lipoidal solubility. Nirenstein (1920 ) thought that the staining capacity 
_ of the neutral red in paramecium is due to its high lipoidal solubility. Its 
' molecular size also is relatively less and there are many dissociable atoms. 
All these chemico-physical factors make the dye more permeable through 
_ passive diffusion than the others. Not only this, it has great affinity to 
colloidal plasm of the cell. 


One exception among acidic dyes is methyl orange. Though 
_ generally acid dyes are lipoid insoluble ( Overton, 1900) methyl orange 
is lipid soluble. Because of this lipoid solubility its penetration is rapid, 
though there are few polar groups in its molecular structure. This dye 

_ has got some toxic effect on the protoplasm of the cell. 


The neutral dye cresol red is relatively less permeable than the basic 
dyes and more permeable than acidic dyes. The more the polar or methyl 
_ groups, the more rapid is the permeability of a dye ( Héber, 1920). This 
_ statement seems correct with reference to this parasitic organism, excep- 
_ tions being methyl green and methylene blue. The cell is impermeable to 
_ the former due to some unknown reason and only little permeable to the 
latter, inspite of its having relatively many methyl groups. It may be 
"due to its want of affinity to the cell plasm or due to its readily oxidizable 
"nature to a colorless compound in which state it is not recognizable. 

4 Congo red penetrates less rapidly than phenol red, perhaps due to 
its high molecular weight ( hence larger molecular size ) and lesser number 
of polar groups. 


> 


Permeability to inorganic and organic acids : 

The penetrating power of all inorganic acids was lessened with 
decreasing concentration of the acid, whereas the reverse was true of 
organic acids. In the latter, in most cases, penetration is gradual from 
the cortex to the central plasm, but not so in the case of the former. 
From these observations it is presumable that the penetration noticed in 
case of inorganic acids may not be through passive diffusion but through 
causing damage to the cell membrane. In all the three inorganic acids 
‘used the organism does not survive more than five minutes. 


os 
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Among organic acids permeability to lactic acid is relatively rapid. 
This appears to be partly due to the lesser number of carboxylic groups, 
small molecular size and readily dissociable nature of the acid-( weak acid ). 
The normal activity of the organism on addition of lactic acid signifies 
tolerance to the acid. The color change of the indicator from orange to 
pink indicates the acidic nature or protoplasm after entry of the acid. 
The fading of the color after a time is perhaps due to the excess entry of 
the acid. 

Oxalic acid, though possessing relatively lesser molecular size and. 
fewer number of carboxylic groups, penetrates more slowly for the fact 
it is a very strong acid and hence not readily dissociable. Color change 
after the entry of the acid is same as in lactic acid. The activity of the 
crganism on treatment with this acid is normal except that'there is a 
slight shrinkage in size at the beginning. 

Citric acid is relatively less permeable due to the presence of more 
carLoxylic groups and its toxicity is not great. It is tolerated by the 
animal in sufficient dilutions and can perhaps be used by the parasite if 
available in greater dilutions, Acotinic acid exhibits the same features in 
its permeability and tolerance by the animal. But both these acids are 
capable of stopping movement and killing the organism if allowed to act 
for any length of time and in sufficient concentrations. 

Malic acid and pyruvic acid exhibit toxic‘ty to the organism; the 
former has its toxic effect not on the cortical plasm but on the cential 
protoplasm. As soon as the acid enters the central plasm, the organism 
becomes more active, but dies soon after the formation of vacuoles in the 


protoplasm. Pyruvic acid is relatively less toxic than the malic acid. | 


Penetration of malic acid is relatively greater than that of pyruvic acid 
though the former has more carboxylic groups and molecular size. It™ 


can be presumed that malic acid penetration may be by causing damage — 


on the cell membrane. Both the acids caused a permanent yellow color- 


after penetrating into the organism which indicates a change into the 
alkaline condition... 
Permeability to Urea and Uric acid : 

Penetration of urea is less rapid than uric acid feu it posesses a. 
lesser number of amide groups and relatively small molecular size. . In- 
concentrations higher than o.1 N urea is toxic to the organism. But the. 
tolerance is very great in 0.1 N solution though penetration is very siow. 
i.e. 26 minutes whereas penetration time of uric acid is one-minute..! 


Ee ee 
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It is known from the quantitative estimation of the rectal fluid for 
urea and ammonia ( Cullen-aeration method as modified by Van Slyke, cited 
in Welsh and Smith, 1952) that the percentage concentration of urea is 
0.185 45% in the medium. The urea used in permeability studies here is 
0.156% (0.1 N). Since the concentration of urea used in this study is 
slightly less than what is present in the natural medium of the organism, 
tolerance is very great. It is presumable from these observations that 
Opalina is selectively impermeable to urea even in its natural medium. 
Shrinkage in size soon after adding urea is perhaps due to the hypertonicity 

of the medium. 
Permeability to NH, (OH ), and KOH : 
Ammonium hydroxide is more permeable than potassium hydroxide. 
The Organisin can survive 0.or N potassium hydroxide but not ammonium 
hydroxide even in greater dilusions Only in o.oor N its survival is good. 
It was calculated that the amourt of ammonia present in the medium 
was 0.c6654%. But here even 0,00451% was found toxic to the organism. 
"How it can tolerate high concentrations in its natural medium but not 
“under, experimental conditions is not known. Penetration of strong base 
(KOH) i is greater than weak base (NH, (OH), 2) and relative tolerance 
; is also better. 
Permeability to Iodine : 
P. Permeability was possible only’ in very great dilutions. The appear- 
“ance of dark brown bodies after the penetration of the iodine into the 
interior gives us the inference that Opalina can. well store glycogen in the 
‘central plasm. This is more evident after keeping it in sucrose solution 
and observing it next day by iodine test. 


: Summary 
Opalina, a parasitic cilliate from the rectum of frog, can survive well 
for a pretty long time ( over 24 hours) under aerobic conditions in dilute 
0.1% ) sucrose solution. But sodium chloride solutions: even in great 
dilutions are toxic to the organism. 
The hydrogen ion concentration of the parasite is the same as that 
‘of its natural medium, the rectal fluid. The parasite appears to be iso- 
“tonic to its medium and exhibits osmotic response with volume change. 
| The permeability of Opalina to dyes follows the same general pat- 
te n as reported for other cells heretofore studied, excepting its imperme- 
‘ability to methyl green. In general, permeability to basic dyes is greater 
compared to acidic dyes, excepting to methyl orange. 
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Inorganic acids are toxic even in considerable dilutions. But in the 
case of organic acids, the molecular size, dissociability and the number of 
carboxylic groups in the molecule seem to determine the rate of per- 
meability of the acid into the organism, through passive diffusion. The 
lactic and oxalic acids are tolerated by the organism quite well, while 
malic and pyruvic acids are toxic. 

Penetration of urea is less rapid than uric acid. Both urea and 
ammonia are tolerated well in the natural medium of the parasite. But 
under experimental conditions ammonia is toxic even at concentrations 
1/io of the natural medium. 

Tests with iodine indicate the presence of glycogen as a stored 
product in the organism. 
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{ STUDIES ON THE RESPIRATION OF BARNACLES: 
: OXYGEN UPTAKE AND METABOLIC RATE IN RELATION TO BODY 
SIZE IN BALANUS AMPHITRITE COMMUNIS (DARWIN ) 


P. N. Ganapati AND D. G. V. Prasapa Rao 
Depariment of Zoology, Andhra University, Waltair, India 


5 ‘ow recent years many investigations have been carried out on the 

respiratory metabolism in relation to body size of several marine poikilo- 
» therms from the Arctic and temperate waters. Weymouth ef al (1944); 
Zeuthen ( 1947, 1953); Rao and Bullock ( 1954}; Bullock (1955) and 
 Bertalanffy ( 1957) carried out investigations and reviewed the work on 
_ the metabolism of several groups of marine organisms in relation to body 
size. However, observations on this aspect of study in barnacles are 
"scanty. Kreps ( 1929a ); studied the effect of salinity and pH on the O, 
_ consumption and CO, release of Balanus crenatus and Kreps (1929b); Barsuk 
' and Kreps (1929) extended these investigations to B. balanoides and B. 
_ crenaitus. Zeuthen (1947) studied the relative rates of oxygen consump- 
tion of different body sized barnacles of B. (balanoides?). Recentiy 
& Costlow and Bookhout (1958) studied respiration in relation to moulting 
- in B. amphitrite var. denticulata ( Broch.). From the above account it is 
4 clear that no work has been done on the respiratory metabolism of any of 
_ the barnacles occurring in the tropical waters. 


“Recently we have carried out a number of eee sicicus.e on the re- 
- spiration of Balanus amphitrite communis (Darwin) which is a common 
fouling organism at ‘Station C’ (Ganapati et al, 1958) in the Visakha- 
'patnam Harbour. The location from where the barnacles were collected 
“is subjected to very wide fluctuations of hydrographical conditions, The 
salinity ranges from 5% during October to 34%, during the summer 
“months, Owing to heavy pollution consequent on the discharge of the 
- town’ s sewage, very near this station, the dissolved oxygen content in the 
water is low varying, from o.r ml.O;/L. to 3.3 ml. O./L. The present 
studies therefore, are not only of fundamental interest in understanding 
“the physiological adaptations of these animals to such widely fluctuating 
Becaomenial conditions, but are also of considerable interest in under- 
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standing problems associated with fouling. In the present paper we have 
given an account of the metabolism in relation to the bocy size of B. 
amphitrile communis. 
Material and Methods 

Respiratory measurements were made using the standard Winkler’s 
method ( Welsh and Smith, 1955) at a constant temperature of 25.5 °C. 
and a salinity of 3c%,. The respiratory chambers were designed after 
Erichsen- Jones (1947a ). Wide mouthed pyrex bottles of 270 c.c. capacity 
were used as respiratory chambers. The temperature of the bath varied 
only + 0.5 °C. throughout the experimental period. Whatman 42-filtered 
sea water of a fairly high oxygen content was used. The pH of the sea 
water used during different experiments did not vary very much, The 
experiments were run for a period of 6 hours and the average hourly O; 
consumption was calculated. The wet weights of the animals were 
determined after the experimentation to the nearest ten milligrams. All 
the animals were cleaned and acclimatized to the experimental conditions 
for 24 hours. In all, ten series of experiments were conducted involving 
100 animals of 12 different size groups. In Fig. 1 and 2 the average oxygen 
uptake and the metabolic rate respectively are plotted against thé body 
weight on double-log graph. : 
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Results 
The oxygen uptake of B. amphitrite communis varied from 45-300 11 
O,/hr. and the metabolic rate from 140-94 11 O,/gr./hr. depending on the 
size of the animal. As shown in Fig. I the oxygen uptake of these animals 
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increased with increasing body weight. The increase in the oxygen uptake 
showed an exponential relationship with the body weight. The depen- 
dence of the metabolism of an animal on body size can be expressed in the 


form of an equation Vaux” (Zeuthen 1953), where ‘Y’ is the oxygen 
uptake in unit time, ‘ X’ the body weight and ‘a’ and ‘b’ are constants, 
Using this equation we calculated ‘b’ by statistical method and obtained 
a value of 0.827. 

The metabolic rate or the rate of oxygen uptake per unit body 
weight in unit time as shown in Fig. II declined with increase in body 
‘size, and the line of regression of the logarithmic plot is negative. We 
have been able to get only a single animal, each, for observations on the 
extreme size groups and the scattering of the results at the extremities 
may be due to the inadequacy of the number of observations. The slope 
‘of the line of regression of the metabolic rate in Fig. II is characteristical- 
ly similar to that observed for various other marine crustacea. Also, the 
value of ‘b’ calculated by us from the above equation is very near to the 
value 0.80 obtained for other marine crustacea. The slight deviations of 
the results of our present study from those of others made elsewhere 
might be due to difference in the range of size groups of the animals used 
and their individual physiological variations. 

Discussion 


The metabolic rate or the weight specific O, consumption in 
B. amphitrite communis ( Darwin ) showed the characteristic decrease with 
ncreasing body size as was observed by Zeuthen (1947) in B. ( bala- 
oides?). The line of regression of metabolic rate was also approximate- 
similar in character to that obtained by him for other crustacea of 
similar size ranges. Making an interspecific comparison of the ‘b’ values 
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obtained by other workers for various marine crustacea, Zeuthen (1953) 
also stated that the values of ‘b’ obtained by him in animals with body 
nitrogen less than I mg. to be 0.95 and for animals above this weight the 
value of ‘b’ was smaller i.e. about 0.80 for marine crustacea. The 
animals studied by him ranged from 0.4 pg. to 4 grms. in body weight. 
The body weight studied by us ranged from 0.3 to 3.0 grms. and the value 
of ‘b’ of our experiments (0.827 )-agrees very closely with his results. 
However, we could not make any observations at present on animals 
above and below the range mentioned. The temperature relationship 
of ‘b’ values for these animals will be discussed elsewhere. 


Summary 


1. The oxygen consumption of different size groups-of Balanus 
amphitrite communis ( Darwin ) under constant temperature and 
salinity increased with increase in body weight. 

2. The metabolic rate showed a decrease with increasing body 
weight, 


3. Using the equation Y = axes ‘b’ was calculated by statistical 


method and a value of 0.827 was obtained. 
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OXYGEN CONSUMPTION AND OXIDATION OF VARIOUS 
METABOLITES BY THE PIGEON ADIPOSE TISSUE, in vitro 


J. C. GEORGE AND J. EaPENn 


Laboratories of Animal Physiology and Histochemistry, Department of 
Zoology, M. S. University of Baroda, Baroda, India. 


DIPOSE tissue has long been regarded as a storage form of connec- 

tive tissue with very little metabolic activity of itsown. However, it is 
being realised more and more at present, that this belief is illfounded, and 
sufficient evidence has already accumulated to show that it is metaboli- 
cally active and is even on a par with other well-known metabolically 
active tissues. The 7 vilro oxygen consumption by the adipose tissue of the 
rat was studied by Mirski ( 1942 ) and of the ground-squirrel by Hook and 
Barron (1941). But so far*as we are aware, there is no comparable 
work on the avian adipose tissue. In the present study, the oxygen ° 
consumption by the pigeon adipose tissue (in Ringer phosphate and 
Krebs-Ringer bicarbenate, without added substrates and Co-factors ) and 
the oxidation of various metabolites by the same tissue in the absence of 
Co-factors, have been studied, im vitro. — 


Material and Methods 


The material used was the visceral adipose tissue, covering the coils 
of the intestine, of the pigeon ( Columba livia ). After decapitation of the 
pigeon, the tissue was removed and transferred to a celd watch glass 
placed on cracked ice and was then cut into*small slices with a pair of 
clean scissors. 


The oxygen consumption by the adivose tissue in the absence of 
added substrates and Co-factors was studied as follows. 100 ml of 0.154 
M NaCl, 4 ml of 0.154 M KCI, r ml of 0.319 M MgSO, and 30 ml of phos- 
phate buffer of pH 7.4 were mixed and stored at 4°C. The final pH of 
the mixture was 7.4. 3 ml of this was taken as the incubation medium, 
in each Warburg flask having centre well and one side arm. In addition 
to the above Ringer phosphate medium, Krebs-Ringer bicarbonate medium 
was also tried. This medium is made up of the following : 100 ml of 
0.154 M NaCl, 21 ml of 0.154 M NaHCOs, 4 ml of 0.154 M KCI, 1 ml of 
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0.154 M KHPO,, 3 ml of o.rt M CaCl, and r ml of 0.154 M MgSO, ( Hagen 
et al, 1959). In each set of experiments the adipose tissue from the same 
pigeon was used for both the media. This was done with a view to com- 
pare the amount of oxygen consumed in these two media by the adipose 
tissue slices. The flasks were kept cool till they were transferred to the 
bath (37°C), by keeping on cracked ice. The slices of adipose tissue were 
weighed rapidly and transferred into the flasks by means of a pair of cold, 
clean, dry forceps. 100-300 mg of the tissue was taken in each case. The 
centre well contained 0.2 ml of 10% KOH with filter paper, thus making 
| up a total fluid volume of 3.2 ml. Incubation was carried out for t hour 
at 37°C with air as the gas phase. After an equilibration period of 10 min., 
the readings were taken at regular intervals for 1 hour. The results are 
expressed as 1 O, consumed/mg protein/hour and 4] O, consumed/1oo 
‘Ing wet tissue/hour. Protein content of the adipose tissue was determined 
by the micro-Kjeldahl steam distillation method for total proteins (Hawk 
etal, 1954). For the determination of protein 20-40 mg fresh tissue was 
taken. 
: For the study of oxidation of various metabolites ( glucose, glycogen, 
‘sodium succinate, pyruvate, lactate, citrate, acetate, glycerophosphate ) 
Bic same procedure was followed. The volume of Ringer phosphate was 
reduced from 3 ml to 2.5 ml and to this 0.5 ml of 0.1 M solution of the 
‘metabolite was added except in the case of glycogen and glycerophosphate 
where the concentration of the solution used was 0:1% instead of o.r M. 
“0.2 ml of 10% KOH was kept in the centre well with filter paper. Control 
flask contained 3 ml of Ringer phosphate solution in the main chamber and 
0.2 mI of 10% KOH in the centre well with filter paper. Both sample and 
control flasks each contained in addition 100-300 mg of sliced tissue which 
“was obtained from a single site. The values given for oxidation of the 
various metabolites are the figures obtained after substracting the values 
0 “oxygen consumed by the tissue in the control flask from that of the 
sample. | 


In the presence of added substrates like glucose and acetate synthesis: 
of fatty acids may also take place. To investigate this aspect the follow-. 
ng procedure was adopted ( Ball e al, 1959). 100-3co mg of adipose 
issue was placed in a Warburg flask with 3 ml of Ringer phosphate con- 
aining 3 mg/mi glucose or acetate, without any KOH in the centre well. 
or the absorption of COs, with air as the gas phase. The flasks were kept 
M5 
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ccol till they were mounted and transferred to the bath (37°C). After 
an equilibration period of 10 min., the readings were taken after 1 hour. 
If the oxygen consumption of the tissue equals its carbon dioxide output, 
then no pressure change should be observed. If on the other hand, carbon 
dioxide output exceeds the oxygen consumption, then a positive pressure 
should develop which could be measured. If the reverse is the case 
(R. Q. less than 1), then a negative pressure should develop which could 


be also recorded. Jall e¢ al (1959) applied this method to a study of © 


fat synthesis by adipose tissue of the rat. 
Results and Discussion 


Table r presents values of the oxygen consumption of the adipose 
tissue, in the absence of added substrates and Co-factors, in the two 
media, Ringer phosphate and Krebs-Ringer bicarbonate. 


TABLE I 
Sake ce LGV SER LSE -< Sean igs i RR ace Seen nae 
Medium 

Rapenaiene Ringer phosphate Krebs-Ringer bicarbonate 
1 O2/t00 mg/ | pl O,/mg yl O,/100 mg/ | 1 O2/mg 
h. protein/h. h. protein/h. 

I i <DEs64 4.70 12.56 5.07 

2 11.79 . 4.70 8.53 3-44 

3 8.41 3-39 5.67 2.29 

4 9.57 3.00 4.98 2.01 

5 13.56 ; 5.47 * 32.13 4.90 

6 13.68 5.52 — — 

Z 20.53 | 8.29 — es 

Mean 12.45 5.03 8.77 3.54 


From the results obtained it is evident that Ringer phosphate is a 
better medium than Krebs-Ringer bicarbonate. According to Hagen et al 
(1939) Krebs-Ringer bicarbonate medium is the most satisfatory of all 
the media tried by them, for the rat adipose tissue. 


Of the various metabolites added, succinate was found to be oxidized 
to the maximum and the oxidation of pyruvate was to the minimum. 
Citrate also gave a very low value ( Table 2 ), 


Baar ee ata 2 3 
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TABLE 2 


Substance* y O,/200 mg/h. 


5 Sample | Control Difference 
glucose 13.58 9.86 3.72 
glycogen 20.15 14.58 5-57 
succinate 30.18 11.14 25.04 
pyruvate 12.58 10.83 1.75 
citrate 9.75 5.89 1.86 
acetate Tr 08 7.65 S343 
glycerophosphate 22.0 15.42 6.58 
, lactate 14.12 7.46 6.36 


ee EEE eee 
*The values presented in each instance is the average of 5 experiments, 


Mirski ( 1942 ) reported that, addition of pyruvate and glucose in- 

_ creased the oxygen uptake of the adipose tissue of the rat, while lactate 
and glycogen had no effect. In our present studies all the metabolites 
_ tried increased the oxygen consumption to a lesser or greater extent. 
| The presence of glucose or acetate did not bring about fatty acid 
_ synthesis as was seen in the experiments conducted to assess the possibi- 

lity of fatty acid synthesis. The pressure inside the manometers remained 
slightly negative indicating oxygen consumption. The adipose tissue in 

such cases maintains an R. Q. below 1. Ball e¢ al ( 1959) also.found that 
_ fatty acid synthesis did not take place in the presence of glucose alone. 
_ When insulin was also present in the medium, fatty acid synthesis occurred 
 ( Ball e¢ al, 1959 ). 
: The proetein content of the fresh adipose tissue of the pigeon ranged 
; from 1.446 mg/ioo mg to 4.666 mg/foo mg, with an average of 2.478 
-mg/too mg ( Table 3 ). 


3 


: TABLE 3 

- Experiment mg protein / 100 ming tissue 

I 3-243 

2 3.115 

3 1.816 

¥ 4. 1.577 

5 2.320 

6 1.803 

7 1.953 

8 1.792 

9 2.253 

10 1.446 

IL 4.066 

12 3-745 


2.478 
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as 


The wide variation in the protein content of the adipose tissue is 
mainly due to the unequal amounts of fat present in this tissue in the differ- 
ent pigeons. | ‘ 

Summary 


The oxygen,consumption of the adipose tissue without added sub- 
strates and Co-factors was studied, in Ringer phosphate and Krebs-Ringer 
bicarbonate media, by the Warburg manometric method. The values were 
on the average 12.45 j11 O2/100 mg/hour and 8.77 111 O,/100 mg/hour respec- 
tively, in Ringer phosphate and Krebs-Ringer bicarbonate. Ringer 
phosphate was found to be better than Krebs-Ringer bicarbonate for the 
pigeon adipose tissue. The oxidation of various metabolites in the absence 
of added Co-factors was also studied. Succinate was found to be oxidized 
the most-and pyruvate the least, with mean values of 25.04 1 O./200 mg 
tissue/hour and 1.75 1 O./200 mg tissue/hour respectively. The average 
protein content of the fresh pigeon adipose tissue was 2.478 mg/too mg 
tissue. 
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THE PRESERVATION OF BOVINE SEMEN AT ROOM 
TEMPERATURES 


UDHISHTRA DEVA SHARMA 


Post-Graduate College of Animal Sciences, Izatnagar, U. P., India. 


OME of the problems that largely engaged the attention of workers in 
| the field of artificial insemination ( A. {.) since the pioneering efforts of 
the Russian workers headed by Ivanov were concerned in finding a superior 
dilutor that would extend and preserve the life and fertilizing capacity of 
ejaculated spermatozoa over long periods. Beginning with the studies of 
Phillips ( 1939 ) work upto 1057 has been reviewed by Salisbury (1957) 
_and later in detail by Sharma (1959a). The diluents developed, so far, 
invariably contained a biological fluid like egg yolk or milk and preserva- 
tion depended upon some kind of refrigeration. No satisfactory medium 
of precisely known chemical ingredients has yet been developed, nor any 
detailed investigations undertaken to study the possibility of preserving 
the life and function of the spermatozoa without the use of refrigeration, 
‘This is all the more remarkable as it is common knowledge that sper- 
Mmatozoa of various species are capable of retaining motility and fertility 
‘for long periods in male and female reproductive tracts. Thus in the 
male, the maximum motile life of sperm in isolated or ligated epididymis 
has been reported to be about 42 days in the rat ( Moore, 1928; White, 
19307);-60 days in the mouse ( Benoit, 1925 ) 65-70 days in the guinea pig 
(Moore, 1928 ; Young, 1929 ), 60 days in the rabbit ( Hammond and Asdell, 
+1926 ) and over 60 days in the bull ( Kirillov and Morozov, 1936). The 
fertilizing capacity, however, did not last so long. In the female, the case 
et the bat is unique. Reports of Hartman (1933) and Wimsatt (1942; 
44) have shown that sperm remained capable of fertilizing eggs in 
Spring after being in the female genital tract for several (5-8) months. 
n the fowl], Crew (1926) reported that the fertilizing capacity was 
‘retained by the sperm upto 32 days. In lower reptiles and aquatic animals 
the recorded periods for which spermatozoa retain fertilizing ability run 
into several months { Purser, 1937; Rahn, 1940) and even years ( Hilder- 
brand, 1929). It would thus seem that.a continuous supply of nutrients 
[ J. Anim. Morph. Physiol., Vol. 7, No. Z, Pp. 37-54, 19601 
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and removal of waste products which is accomplished through circulation 
in the body, may be of greater significance in sperm survival than tempera- 
ture. A study of factors which enable sperms to survive and retain fertil- 
ity at higher temperatures in the mammalian reproductive tracts should 


provide a basis for their preservation at room temperatures. Using the | 


permeable membrane technique developed by VanDemark and Coutourier 
(1956) and Walton-and Dott (1956) a detailed study of this aspect of 
the problem was undertaken and the results are reported in the present 
paper, Broadly, the investigations had a three fold purpose. 


1, Determination of individual nutrient requirements of sperms for 
survival and fertility. 


2. Development of a satisfactory medium of known chemical com- 
position consistent with good survival and fertility during storaze. 


3. Preservation of bovine semen at room temperatures with a view — 


to eliminating refrigeration in routine, artificial insemination work. 
Material and Methods 


Semen: Bovine semen from one to two hours old and of reasonable 


quality collected by artificial vagina was used in the experiments reported — 


in this paper. 


Sperm concentration: The number of sperms per ml, of semen was — 
determined photo-electrically according to the method of Salisbury e¢ al, — 


(1943 ). 
‘Motility: The motility of the sperm was observed microscropically 


in diluted semen at 100°F, The percentages of moving sperms were — 
determined in several fields and recorded to thé nearest 5%. The rate of 


motility was based on arbitrary scale in which 4.0 represented maximum 
motility and 0.0 represented no observable activity. Half grades were 
frequently given to describe grades of motility falling between the full 
grades. A rating of 0.1 and 1% was given when even sliget sperm activity 
was observed. 


pH: The pH determinations were made with a standardized model ~ 


G Beckman pH meter. 


Temperature: Most of the experimental work was done at ordinary — 
uncontrolled room temperature ( 76° + 16°F ), except when a refrigerator — 


was employed to store semen at 4o°— 42°F. Constant temperature rooms 


were employed for storing semen where effects of precise temperature were — 
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“under investigation, Records of storage temperatures were maintained 
with a thermograph, where possible. 


. Preparation of media :—Reagent grade chemicals were used in the 
preparation of solutions. 


Osmotic pressure :—Osmotic pressure ( OP ) was measured in millio- 
“smoles (MO) with a standardized Fiske osmometer. A reading of 290 
MO was considered isosmotic with semen. Calculated amounts of chemi- 
cals were added to glass distilled water and resulting solutions were 
‘checked for osmotic pressure. At times the solutions were either discarded 
or had to be adjusted to approximately 2G0 MO by the addition of chemi- 
cals or water but ordinarily calculated weights of chemicals yielded 
-isosmotic solutions. 


Preservation techniques :—Dialysis technique—Provision of a conti- 
“nuous supply of nutrients and removal of waste products were accomplished 
by using a modification of the dialysis technique described by VanDemark 
and Coutourier ( 1956 ), illustrated in Figs. x and 2. A flask of diluent 
‘placed at a higher position was connected with a U tube by means of a 
flexible plastic tube to act as a siphon and furnish a stream of fluid 
through the U tube. The flow could be regulated with a needle screw 
‘valve at the exit and the stream could be interrupted at will by clamping 
‘the flexible siphon. Attempts were made to control the flow of diluents 
at a uniform rate with a ‘Sigmamotor’, without much success, Raw 
‘semen was stored in a narrow cellophane visking casing ( size 8/32) with 
‘provision at the top for the removal of samples for examination. The 
cellophane sac was then placed in the inner arm of the U tube while the 
‘diluent bathed the outer surface of the sac. The exchange of materials 
took place across the membrane by diffusion without the sperm coming in 
direct contact with the medium. The flow of fluid through the U tube 
4 aried from 100-150 ml, per day but was nearly uniform for all treatments 


n any one experiment, 
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Figure 2. A close up of the U-tube. 
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- RESULTS AND DISCUSSION. 


; Exploratory ; experiments 


Line’ 


A series of experiments were carried out to determine the essential 

“requirements ‘of sperm for ‘im vitro’ survival. Different techniques of 
preservation were also tried. Results are briefly summarized below : 

1. Using the flow dialysis technique the survival times of sperm 
kept in 0, 5, 10, 15 and 20 per cent sucrose solutions having, 0, 143, 308, 
545 and 783 osmotic pressure {MQ} were compared with that of neat 
semen. None of the concentrations used provided survival comparable to 
untreated neat semen (Control), Survival decreased progressively with 
_ increase of sucrose concentrations above 10% which is taken as isosmotic. 
_ At isosmotic level, survival time was 8 hours as compared to 14 hours of 
- controls. : 


2. Isosmotic NaCl, CaCl,, MgSO., KH2.PO,, NaHCO,, Calcium free 
' Krebs Ringer, Krebs Ringer (KR), Krebs Ringer Phosphate (KRP ) and 
| Krebs Ringer Bicarbonate (KRB) solutions at pH 7.0 were used for 
“storing semen in flow dialysis (FD) and in small test tubes (TT) in 
Suspensions containing I part semen and Io parts diluent (1:10). The 
: survival was uniformly better in test tubes than in flow dialysis where 
NaCl, NaHCO; and modifications:of Krebs Ringer solutions gave better 
“sperm survival. The highest was in KRB (27 hours for FD and 37 hours 
in TT as compared to control of 31 hours). Phosphate had the lowest 
"survival time (1r hours for FD and 14 hours for TI) and appeared to 
depress motility. 

3. NaCl, NaHCO,, KR, KRB and KRP solutions were selected and 
average survival times of sperm in these five solutions containing 0.10% 
and 0.30% glucose and none with the two techniques (FD and TT) were 
“determined. Greatest improvement in survival time was found in KRB 
olution ( 63 hours i in FD, 47 hours in TT as opposed to 38 hours for 
ontrol neat semen ) > 

: 4. Due to the depressing action of phosphate, this was omitted 
from the trials and in the experiment now undertaken, the effect of 5 
evels of KCl, CaCl, and MgSO, in NaCl solation (15 modifications 
bf Krebs Ringer solution ) and their effects on sperm survival were 
studied with FD and TT techniques using a 3-dimensional central com- 
posite design of experiment as suggested by Box and Wilson (1951 ) 
nd Box (1954).. KCI, CaCl, and MgSO, levels varied from 0-7.34, 0-5.50 
6 
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and o-1.84 ml. of isosmotic solutions respectively in roo ml. of the final — 
solution in which the final volume was made up with isosmotic NaCl solu- — 
tion. The KH2PO, component of Krebs Ringer solution was omitted. TT 
was found to be slightly superior to FD. Analysis of variance of the data 
gathered showed no marked differences between solutions, though between 
ejaculates, variance was highly significant. 


5. The above experiment was repeated adding isosmotic glucose 
solution to give a final 0.30% concentration. Results were similar to those 
in the previous experiment. 


6. Next 0.208% NaHCO, was added to the 15 solutions of experi- 
ment 4 above and the whole experiment repeated. Best results with both 
techniques were obtained with solutions that had no CaCl, and MgSQ,. 
Here the respective survival times in hours in the two (FD and TT) 
techniques were 27 and 42 and 28 and 41; total motile sperm rates too 
were high. The presence of KCl appeared to have a beneficial effect on 
sperm in FD technique. The survival time for untreated raw semen was ‘ 
32 hours, Statistical analysis of the data showed significant variations due 
to solutions used. 

7. Experiment 4 was repeated using both NaHCQ, and 0.30% glu- 
cose as added constituents of solutions. Unlike the previous results, in 
this experiment FD technique was found by far superior to the TT tech- : 
nique and Krebs Ringer’s solutions containing to MgSO,, and CaCl, salts 
gave the best results (&z and 78 hours respectively as compared to 24 
hours of neat semen). With FD, statistical analysis brought out highly — 
significant variation due to solutions. Plotting the average responses in a 
three dimensional figure indicated a trend showing a favourable effect on 
motility and livability due to the addition of KCl and an unfavourable © 
effect on the addition of CaCl, or MgSO, with the flow dialysis technique. 


8. In the experiments reported so far, the solutions were adjusted 
to pH 7.00 by the addition of HCl. This is laborious. Since bovine sperm 
are reported to have a wide range of tolerance between pH 6.0 and 8.0 © 
( Blackshaw and Emmens, 1951 ) and the pH values of unadjusted Krebs © 
Ringer Bicarbonate solutions were about 8.0 it was thought that the adjust- — 
ment to pH 7.0 may be unnecessary. The results at pH 8.0 were in gene- 2 
ral agreement with those obtained in the previous experiment. . 


g. In this experiment, the only addition made from that of the © 
previous experiment was to gas the solutions for 10-15 minutes with CO, 
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gas. This had the effect of lowering the pH of the solutions to about 6.1 
to 6.2 due to the formation of carbonic acid. The pH lowered by COg 
_ gradually rises due to the decomposition of carbonic acid and loss of CQ, 
from the solution. Once again with FD technique the highest survival 
‘ I17 hours was observed in the solutions containing no CaCl, and lowest 
(72 hours ) in those in which KCl was absent. I'D was superior to TT. 
_ Statistical analysis showed that the between ejaculates and between solu- 
; tions, variations were highly significant in both the treatments. 


10. In this experiment everything remained as before (Expt. 9) 
; except that there was an addition of 0.30% sulfanilamide. Addition of 
; sulfanilamide produced marked improvement in livability and motility of 
y semen in the solutions. Flow dialysis technique was on the whoie superior 
to the TT technique. The highest response (117 hours) was once again 
: found in solutions containing no CaCl, and the lowest (39 hours as com- 
pared to 2t hours of neat semen control ) in solutions containing no KCl. 
"Statistical analysis gave results similar, in general, to those in Expt. 9. 


; Tr. Experiment was also carried out using solutions of sodium 
citrate, NaHCO; and NaCl containing the other constituents, but no 
BcaCl, and MgSO,. The solutions were gassed for 1o-15 minutes prior use. 
" Results are given below in Table-r. 

; TABLE I 

>: Response of sperm to NaCl, NaHCO, and sodium citrate solutions con- 

a taining KCl, 0.30% glucose and 0.30% sulfanilamide and initially 


gassed with CO, with two storage techniques 
(average of four ejaculates ) 


| ae 
fe ee e oa fa op -Lotal Total motile 
s Se ee ts S eee AS) survival Sperm rate 
3 MH lao oO al % SoHo ( hrs. ) 
Wo) H ° ZH peo ie 
2 of ie a ae FD |TT |FD| TT |FD|TT 


296 2.68 70.32 16 — TOS A00a275) 20082225 14 
301 2.68 —_— 16 WOa2e. 120.9 57. 323. 2131 245 14 
TOD 57233 202s hemmed 


10-15 min. with CO,. 
As in previous studies, FD gave better results than TT and further, 
solutions with citrate as one of the ingredients gave the best results. 
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- The analysis of variance for per cent motile sperm with the dialysis 
technique and in 1:10 dilutions in test tubes was carried out to study 
the manner in which the individual salts and their concentrations affected 
the response of the sperm. Only the conclusions are summarised below : 


The overall effect of the addition of KCl and MgSO, was beneficial — 
but CaCl, exerted a harmful influence. The effects of CaCl, and MgSO, 
were not significant. There was no significant interaction between KC], 
CaCl, and MgSO,. The quadratic mean square was significant and 
the quadratic regression coefficients were all negative, indicating the 
existence of an optimum which was found to be at 3.22, 1.84 and 0.73 ml. 
per 100 ml. of isosmotic solutions of KCl, CaCl, and MgSO, respectively. 
However, since the mean square for the lack of fit also was significant, the 
general quadratic in three variables was not capable of representing the 
data within the limits set by the experimental error, casting some doubt © 
on the calculated location and value of the optimum. For the TT ~ 
technique, the analysis showed that the quadratic mean square was not — 
significant, indicating that there was no optimum in the vicinity of the © 
region explored. 


Conclusions based on results of experiments 1-11 


On a general and detailed appraisal of the results obtained from ~ 
experiments I-to 11, it was clear that among the various solutions and — 
ingredients tried, the two below detailed solutions of the specified composi- 
tion could be depended upon to maintain uniformly good motility during — 
storage in the presence of 0.30% sulfanilamide and when gassed with CQ. a 
Soln. O.P. Ml. KCl MI1.NaCl aN Nore oe Mi. 3 Ml. MgSO,. Ml. Glucose Ml. — 


No. (M.O) (12.15%) (0.90%). NaHCO, Na,C,H;0,. =H.O 5.0% water — 
(1.30% ). sal OC s8 2%, }e 
I 293 2.68 69.65 16 _ 0.67 6 5 
2 30L 2.68 — 16 70.32 i — 6 5 


Role of CO, in the preservation of Sperm : 


beneficial effect on the sperm. It is suggested that the CO, affects sperm 
survival in any, or all of the following ways : ; 
1. CO, in the presence of NaHCO, forms a more efficient buffer — 
system for 7# vitro preservation of bovine semen at room temperatures. 
2. (CQ, has a depressant or narcotic action on the sperm, inducing — 


a” 
reversible immotility and reduction of metabolic processes resulting in con- | 


° 
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_ servation of energy and prolongation of life of the sperm during storage. 
_ The narcotic influence of CO, has been reported in cells from lower forms 
: of life ( Becker, 1936) and there is evidence that the same may be true for 
: sperm (Shettles, 1939, 1940). A suggestion of some beneficial effect of CO, 
on bovine sperm may be detected in the earlier experiments of VanDemark 
and Couturier (1955). Our experiments have indicated a reversible nar- 
cotic effective of CO, on bovine sperm. In media gassed with CO, certain 
immotile sperm would gain movement and develop vigorous motility after 


NS eee a bee 


_ being on a warm stage for some time. This was particularly so when 
a semen was examined just after mixing with media freshly gassed with 
_CO,. CO, is capable of influencing the cells even if it passes into them 
: from NaHCO, ( Jacobs, 1922). 


4 

; 

; 3. COz is utilized by the sperm cells either directly or indirectly. 
_ Several biochemical reactions concerning CO, fixation such as the formation 
4 of oxalacetate from phosphoenol pyruvate ( Utter and Kurahashi, 1954) 
_ formation of L-malate from pyruvate { Ochoa, 1952 ) and the formation of 
: D-isocitrate from «-ketoglutarate (Ochoa, 1948 ) have been demonstrated. 
' The beneficial effect of CO, on sperm might be mediated by the enzymes 
: concerned in these reactions, if present. For example, the CO, might 
_ promote carboxylation of phosphoenol pyruvate to oxalacetate and thus 
" decrease lactic acid accumulation to sub-toxic levels. In addition, increase 
in CO, tension would effectively decrease the observed oxidative metabo- 
S rigm by increasing the rate of reductive carboxylation as cited above. » 
j This area of knowledge in sperm physiology and its exploitation for the 


: preservation of semen remains to be explored. 


“Action of CO, gas on the motility of bovine sperm : 
1, Narcotic effect 


“Direct observations on diluted semen samples coming from 12 differ- 
ent ejaculates kept in special chambers and subjected to CO, gassing were 
made. In every instance, the motility of sperm decreased markedly in an 
“atmosphere of CO,. In some instances, the motility ceased completely in 
a matter of a few minutes. This was reversed when CO, was replaced by 
air, oxygen or nitrogen. In contact with nitrogen, the sperm maintained 
normal motility. Observations were repeated in a variety of diluents with 
‘like results. The pH of diluents never fell below 6.0 after treatment with 
5CO,. It is felt that the cessation of motility. after exposure to CO, was 
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due neither to anoxia nor to high acidity, but to some special action of 
CO, on sperm. 


2. Effect on motility 


The possibility of utilizing the depressant action of CO, on sperm 
motility for preservation of sperm at room temperatures was then inves- 
tigated. For this purpose, four ejaculates were stored in Thunberg tubes 
under air (at atmospheric pressure), vacuum (about 2-3 lbs. atmospheric 
pressure per square inch), nitrogen and CO, in 1:10 dilutions in a new 
diluent developed on the basis of the findings detailed in part in this paper 
and called Illini Variable Temperature diluent or IVI for short ( details 
given elsewhere, see below) with or without egg yolk. The room tem- 
peratures which were recorded during the experiment varied from 70° to 
88°F, Results (given in Table 2) showed that in both the diluents, 
livability and motility were maintained much better under CO, than under 
other treatments which were about the same in their ability to support 
motility although nitrogen and vacuum seemed to have a very slight 
beneficial effect over storage under air. Table 2. 


TABLE 2 
Motility of sperm during storage in I: ro Dilution at room temperature 
(79 = 9°F ) im Thunberg Tubes under air, vacuum, nitrogen and 
CO,, in IVT diluent with and without yolk 
(average of 4 ejaculates ) 


J. V. T. diluent without yolk 


Days of Air Vacuum . Mu ees CO, 

storage | oM Rate | %M Rate oM Rate | %M_ Rate 
oO 58 3:0: e 58 3.0 58 3.0 58 3.0 

I 45 2.3 49 2.4 48 2.4 53 2.8 

2 33 1.6 36 1.5 36 1.8 45 2.4 

3 24 Lek 28 Tae 24 1.4 40 2.0 

4 II 0.8 I5 0.8 I5 0.9 34 1.8 

5 6 0.4 6 0.4 9 0.5 28 1.5 

6 3 0.3 3 0.1 5 0.3 IS TT 

q I 0.1 I 0.1 I 0.I 14 0.9 

8 Co) co) Co) (0) (o) Co) Io 0,6 

Q- 0 0) C0) Co) 0 Co) 5 0.3 

Io te) 0) (0) ° ) fo) 3 0.3 
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I. V. T. diluent with 10% yolk 


Days of Air Vacuum | Nitrogen CO, 
PLOTaBe | o/M Rate ; %M Rate | %M Rate | %M Rate 
te) 58 3.0 58 3.0 58 2:0 58 3.0 
I 46 2.3 46 2.4 49 2.4 51 2.8 
: 2 36 1.8 40 1.8 40 1.9 49 2.5 
: 3 23 7 28 13 28 1.3 43 2.3 
. 4 16 - 0.9 16 0.9 16 0.9 36 1.9 
. 5 4 0.4 8 0.5 4 0.4 28 1.6 
i 6 fo) oO (0) Ce) Co) o 20 1.5 
: 7 ° 0) fo} 0) ) ) 15 I.0 
q 8 fo) fo) fo) 0) fo) (0) 13 0.8 
; 9 (0) (0) ) 0 ) ) yo, 0.2 

= 0 Co) Co) Co) ) fo) ) ) ) 


y 


In some instances, livability was poorer in IVT diluent with yolk 
due presumably to bacterial multiplication because of egg yolk. The 
4 beneficial narcotic or depressant effect of CO, on sperm stands confirmed 
through the results just reported. The full mechanism underlying this 
narcotic effect of CO, on sperm has not been yet investigated. It is pos- 
sible that this effect is due in part to the ability of the CO, to penetrate 
_ the cells and enter into reversible combinations with cellular proteins as 


“has been shown in studies with Tvadescantia verginica and Paramecium 
_caudatum ( Becker, 1936). 


ae 


The existence of concentrations of CO, having a beneficial narcotic 
effect and a toxic effect on sperm cannot be ruled out. In fact, Shettle’s 
{ 1939, 1940) reports indicate that CO, can cause reversible as well as 

irreversible immotility in human sperm with varying concentrations and 
“repeated exposures. Our studies showed no immediate toxic effect of 
CO, on bovine sperm. It is possible that toxic levels of CO, were not 
‘attained under the conditions of these investigations, or that other sub- 
stances in the diluting media exerted a protective action against any 
‘injurious effect of CO,. Perhaps, the success of the ampouling technique 
Sharma, 1957, 1959b ) and beneficial effect of gassing the medium with 
20, might be due to a chance realization of an optimum, or near optimum 
“concentration of CO, for the preservation of bovine sperm at room tem- 
peratures. However, the exact optimum and toxic levels of CO, for 


bovine sperm remain to be determined. 
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~The Illini Variable Temperature (IVT ) Diluent : | 

The Illini Variable Temperature (IVT ‘i Diluent evolved ultimately — 

for preserving bovine semen at room temperatures had the following com- 
position (The figures are per litre of distilled water ). 


1. Sodium citrate dihydrate 200I gms. 
2. Sodium bicarbonate 2 Ola e ae 
3. Potassium chloride 10:40 == 55 
4. Glucose S00 es 
5. Sulfanilamide 3.00 

6. Penicillin Tree 1U. 
7. Streptomycin I.GO gms. 


_ Gassing by CO, for about 10-15 minutes (pH 6,.2-6.3) and mixed 
with 10% egg yolk. 
Below are described the results of tests carried out with IVT. 
Tests with IVT Diluent : 
(a) Effect of 5 levels of egg-yolk, five cell concentrations and 5 — 
temperatures on response of sperm during storage (in ampoules ). : 
The levels of egg yolk tried were 0, 5, Io, 15 and 20% yolk, the cell — 
concentrations employed were 2, 12, 22, 32, 42, X10° cells per ml., and 
temperatures were 40, 55, 70, 85 and I00°F. 
Results for five different ejeaculates are summarized in Table 3 


TABLE 3 


Response of sperm stored in 3.4 ml. capacity ampoules at 5 levels of egg 
yolk, 5 cell concentrations and 5 temperatures 
(average of 5 ejaculates ) 


5 Storage Total : 

ata % tly Cell Bice enip. eeeuieal Total motile sperm 
; x 108/ml (°F) ( ays ) ue Rate - 

I 5 12 55 7 205 9.8 

2 I5 12 55 7 204 9.8 

3 5 32 55 7 208 10.0 

4 15 32 219) fi 206 9.9 

5 5 12 85 4 152 7.3 

6 I5 12 85 4 159. 7.6 

z 5 32 85 5 177 8.5 

8 I5 32 85 4 166 7.9 

9 10 22 70 6 194 9.1 

10 ie) 22 70 5 147 7.4 

II 20 22 70 6 194 8.9 

re Io 2 70 4 152 9.3 

13 Bo) 42 70 6 214. 10.2 

14 10 22 40 7 “204s 10.3 

15 Io 22 r00 oO 58. 3.0 
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a : Statistical analysis showed that the variation due to ejaculates and 
treatments were highly significant, for all the three responses. The most 
detrimental effect appeared to be due to increasing temperature, which 
_ was highly significant for survival and motility. Increasing cell concentra- 
tions appeared to have significant beneficial effect on total percent and 
é rate of motile sperm but had little effect on total survival. The interac- 
: tions among the 3 variables were not significant statistically. From a 
_ practical consideration it was deduced that 10-12% yolk, 25-32x10° total 
cells per ml. may be the optimums. Although temperature in the vicinity 
4 of 60°F may be better, for practical purposes semen can be stored at about 
‘ 70°F without great loss of motility over the storage periods normally 
; _ practised in routine A. I. (about a week ). Ampoule volumes seem critical 
for storage of semen in [VT diluent and may alter all results. In two out 
of the 5 ejaculates, motility persisted beyond two weeks. On the basis of 
_ motility observations, some of the semen samples could have been used 
for A. I. even at the end of two weeks. 


(b) Effect of mechanical shaking on sperm in storage 
The effect of mechanical shaking of semen samples an inevitable 
“consequence attending all shipments of semen was then tried. Ampoules 
I and 5, 2 and 6, 3 and 7, 4 and 8, 9, 14 and 15 had the same concentra- 
; TABLE. 4 


_ Drop in motility of stored semen subjected to 16-20 hours of mechanical shaking 
( average of five ejaculates ) 


i 


a 
he! 


i = Sree 
% yolk | Cell Conc.| titial Motility Drop in Motility 


(ml ) rs ro0°/ml. 


‘reatment 
aa yA Kate ee Rate 


Pan a 


5 12 60 3.0 24 1.8 
I5 I2 60 3.0 aL I.6 
5 32 Co 3-0 19 1.4 
DEAE 32 60 3.0 19 1.7 
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tions of yolk and cells. The ampoules were shaken on a mechanical 
shaker for 16-20 hours at room temperature (74+6°F ). The average 
decline in percent and rate of motile sperm for 5 ejaculates thus treated 
are presented in Table 4. 


The greatest drop was observed in ampoule No. 10, which had no 
yolk. Ampoules 1 and 5, 2 and 6, 4 and 8, 3 and 7 ( which were dupli- 
cates ) agreed closely in the motility scores assigned to them. Of ampoules 
Nos. 9, 14 and 15 ( which were triplicates ) Nos. 14 and 15 agreed well in 
their assigned motility scores, but No. g showed markedly less drop as also 
the least drop in percent motility for the entire series. The reason for 
this discrepancy is not known. It would seem that 10% yolk was ade- 
quate in affording about the optimum protection from mechanical shak- 
ing. It was felt that the mechanical shaking of the ampoules employed 
in this experiment was far more rigorous than what would occur under 
normal conditiens of shipment and transport in the field. 

Fertility of stored bovine semen preserved with CO, gas 

For these trials semen 5-6 day old stored in IVT diluent at room 
temperatures that varied from 60-80°F was used. Semen came from two 
Holstein bulls ‘ King Jule’ and ‘ Ideal’ and the experiment was run 
between 6th and 18th December 1956 at the Northern Illinois Breeding 
Cooperative Organization at Hampshire, Illinois. A minimum of Io first 
service cows per day with semen from each of the two bulls were insemi- 

TABLE 5 


Details of Insemination 


Age of semen in days 


Technician Bull 
be Pasi gees Vi a pe Men: os gs 6 
Period: December 7 to December 12, 1956 
RK King Jule 5 3 3 Seer es 
Ideal 5 4 4 4 5 
G.A. King Jule — _ 2 — — 
Ideal — — I — — 
Period: December 14 to December 18, 1956 
R.K, King Jule — Source? 2 se 
Ideal —_ 2 I 2 — 
G.A; King Jule 5 5 5 4 5 
Ideal 6 5 5 3 5 
Total 2I 22 23 20 20 
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nated over a period of 10-12 days. One technician did most of the in- 
2 _ seminations during the first half of the period and the second technician 

"did the major inseminations during the second half period. A short report 
: already been published ( VanDemark and Sharma, 1957). A fuller 
4 Teport is given below. Details of inseminations are given in Table 5. 


iB Out of the 111 cows inseminated, 8 were heifers, 6 were ‘repeats’ 
4 having failed to settle to previous services and some others were suspected 
_ for doubtful settling potential. One cow returned to service two days 
“ate insemination. Environmental temperatures in the field varied from 
_ about 22-80°F and necessary precautions were taken to protect the semen 
from temperature shock. In Table 6 are given the percent of non-returns 
during the succeeding four-week periods upto 20-22 weeks. 


TABLE 6 


: ; Fertility of CO, preserved Bovine semen (% of non-returns ) 


: 28-39 | 50-67 84-94 I12-126 | 140-154 
Bee of No. of days days days days days 
aie services| (over | (over (over ( over (over 
-ecem sod | 4 wks. ) | 8 wks.) | 12 wks.) | 16 wks.) | 20 wks.) 


go go 
82 82 
7S 75 
72 72 
79 79° 
I00 100 
78.6 78.6 
73 73 
64 64 
73 13 
67 67 
79 79° 
100 roo 
79-9 79-9 
74.8 74.8 


_ The drop between the overall mean percent non-returns for the two 
s som aoe es Bess to 56-57 hak basis was less than 10% (84.7% 
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A comparative statement of percent of non-returns ( €0-go days ) for 
I1It cows bred with IVT stored semen and 535 cows bred with yolk citrate 
diluent at 42°F is given in Table 7. 
TABLE 7 
Fertility of IVT and yolk citrate stored semen 


Semen in IVT Semen in 1:3 yolk 
Age of diluent stored ioe citrate diluent pee 
as at 60-80°F ae 2 stored at 42°F. Ee ao 
in days No. cows bred ue No. of cows bred ys 
1-2 a Me seo) 469 72.0 
2-3 22 72.7 43 “" 41.9 
3-4 23 73-9 T5 40.0 
4-5 20 i 70.0 z, fe) 
5-6 20 70.0 iva = fo) 
6-7 5 ,  P x00.0 ey —-— _ 
74.8 
Total : III . | 535. een ea, OG 
By bulls: — | aie a 
King Jule BG) Se eet 8b 197 73.6 
Ideal 55 70.9 | 338 63.1 


Portions of semen samples were shipped simultaneously to the 
Central Laboratory for tests for duration of motility. All the ejaculates 
survived for more than two weeks, and the motility was very good. 
Judging by motility alone, all the samples could have been used for two 
weeks. Further studies to test the fertility of semen stored for two weeks 
and more and the investigations leading to the cause of sperm mortality 
under prolonged storage are desirable. 


Summary 


1. Possibility of storing semen at room temperatures 60-80°F was 
investigated using the flow dialysis technique developed by VanDemark 


and Couturier (1956) and Walton and Dott (1956). Different media ~ 


were tried. 


2. The studies led to the development of a new diluent of bovine 


semen called ‘ Illini Variable Temperature” (IVT) dilutor gee es? of 


the following tested ingredients per litre of distilled water: 
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Sodium citrate dihydrate 20.01 gms. 

Sodium bicarbonate eR C WED) ai 

Potassium Chloride 140-02) 5 

Glucose BOOre boy; 
Sulfanilamide 3.00 ‘ 

Penicillin EX Oe ob. 
Streptomycin T.oo gm. 

COpz gas 10-15 minutes gassing 


3. Fertility trials carried out on Ir1 cows using IVT preserved and 
CO, gassed semen samples of 2 Holstein bulls at 60-80°F from 1-7 days of 
storage gave an overal! percentage of :74.8 which compares favourably 
with the 66.9% obtained in.controls comprising 535 cows. 

4. Further tests involving larger number of animals and longer peri- 
ods of preservation are considered desirable. 

5. These studies brought out the remarkable role of CO, gas in 
preservation of the life and fertility of bovine spermatozoa at room tem- 
peratures ( 60-80°F ). 
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NEUROSECRETORY CELLS OF THE NUCLEUS PRAEOPTICUS 
OF THE BRAIN OF THE FISH, TILAPIA MOSSAMBICA 


K. K. Nayar and Maya MENON 


Department of Zoology, University College, Trivandrum, India 


é ee Ee TORT cells 7.¢., predominantly glandular neurons, have 
) been shown to exist and to possess important endocrinological func- 
tions, in most groups of vertebrates and invertebrates ( vide review Schar- 
rer and Scharrer, 1954). In India, work on the morphology and physio- 
logy of neurosecretory cells have beed attempted chiefly in insects among 
the invertebrates and to some extent in amphibians and reptiles among 
the vertebrates (Nayar, 1959). Efforts to obtain information on the 
cytomorphology of these cells in other animal groups have also been made 
(Nayar, 1959). However, no work on fishes has so far been attempted 
in India, and the present paper forms the first contribution towards an 
understanding of the morphology and histophysiology of the neurosecre- 
tory cells of the central nervous system of the fish T2/afia mossambica, a 
species which has become abundant in ponds, streams and paddy fields of 
Kerala in recent years. The cytomorphology of the well-known region of 
the praeoptic nucleus of the brain is studied. 
3 . _ Materials and Methods 


The present investigation was carried out on fingerlings, I to2 inches 
in length, obtainable from freshwater tanks of Palghat and Chittur areas 
‘of the state. Freshly collected specimens were anaesthetised with ether 
added on to water in a bowl, and the brains were dissected out and fixed 
in Bouin’s fluid. In some cases the head was cut off from a live fish and 
fixed entire. In the latter cases the material was decalcified by soaking 
in 5 to 8% nitric acid in 10% formalin for 4 to Io days. Sections of 6 
were cut after processing through methyl benzote containing celloidin. 
Staining was done in Gomori’s chrome alum haematoxylin-phloxine. 


ee : Observations 
i Lying on the sides of the diacoel, nearer the cerebral lobes and above 


the optic chiasma, are the two praeoptic nuclei of the brain, Each is an 
xtensive tract of conspicuous secretory neurons, The region which ex- 
[J. Anim. Morph. Physiol., Vol. 7, No. 1, pp. 55-59, 1960 ] 
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tends over a distance of 750 p» longitudinally and 500 » dorsoventraily, 
shows two distinctive types of cells arranged along a vertical plane. A 
set of large cells comprise the pars magnocellularis lying in a dorsal plane 
towards the anterior side. Forming the main bulk of the nucleus praeo- 
pticus is the second set of cells which are smaller and occupy a more 
ventral position ; these constitute the pars parvocellularis. 

Pars Parvocellularis : 


This region contains a very large number of cells which exhibit the 
typical neurosecretory pattern of staining. The cells on an average, 
measure 15 }. in length. The nuclei of the cells are weli defined and the 
cytoplasm shows the presence of stainable colloids coloured blue to black 
in a variable degree. The axonic proceses of these cells are traceable for 
fairly long distances. = 


These cells, however, do not show a uniform pattern of histological 
make up. Differences in the cytomorphology are clearly marked. 


In most of the cells the nuclei appear as perfectly spherical vesicles 
with faintly marked network of chromonemata. But there is noticeable 


~e 


vo a ee 


variation in the size of the nuclei. In several cases, they form large 
spheres showing up the characteristic pattern (Fig.1 A). Ina few cells, © 
however, having no specific distribution in the praeoptic tract, the nuclei — 


of the cells look enlarged nearly filling the body of the cell (Fig. 1 B). 


In others, they show a difference in size and shape in that they appear — 


elongated, oval or somewhat compressed ( Fig. 1 C). 


Typically a nucleus shows a distinct, phloxinophilic nucleolus. But. : 
a few cells, especially towards the more ventral part of the praeoptic — 
tract, show two (Fig. 1 D) and sometimes even three nucleoli. All the — 


nucleoli are characteristically phloxinophilic. 


Nuclear inclusions form a distinctive feature of te orpuelery: of. 


ra a 


several of the cells. One (Fig. 1 E) or rarely two to four vacuoles are 
observable within the nuclei of several cells. But in no case, a colloidal 


accretion which is distinctly stainable has been observed within the nucleus, 


The cytoplasm is generally laden with stainable colloids. They ap- | 


pear coloured blue or bluish black in chrome alum-haematoxylin.: The | 
secretory colloids show a clumped pattern, several granules being clumped 


in groups and distributed evenly in the cytoplasm. 


2 3 > ‘ 
Vacuoles from a very important inclusion of the heleolgsr of these — 
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cells (Fig. r F). They are of variable size, and show up singly or in 

groups. They do not have a definite position in relation to nuclei. A 
few cells show a crescent or halo of a single continuous vacuole around 
the colloid-filled cytoplasm, showing a region probably originally filled 
with secreted matter of a different nature. 


Se a ee ey 


ro Te eee 


Camera lucida drawing of different types of cells of the parvacellularis of the brain of 
Tilapia massambica. 

A. normal cell } B. cell with enlarged nucleus; C. cell with compressed nucleus; D, cell 
with two nucleoi within the nucleus ; E. cell with intranuclear vacuole ; F. cell with cytoplas- 
mic vacuoles. 
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Pars Magnocellucelaris : i 

The cells of this region are larger and show more uniformity in their 
organisation. They measure on an average 46 in length with the axonic 
part well defined for a third of its length. 


It should also be mentioned that several blood capillaries run in the 
bed where the praeoptic nucleus lies. 


Discussion 


The teleost neurosecretory system has been studied by some workers 
(Scharrer and Scharrer, 1954). The variability in the nature of the ” 
neurosecretory cells of the diencephalon of fishes has also been recorced in 
some cases. Most of the observations relate to the intranuclear production 
of stainable secretory matter and the make up of the cytoplasmic compo- 
nents. In Tilapia several differences are observable in the cytomorphology 
of secretory neurons of the praeoptic region. Enami ( 1955 ) has shown 
in his studies on Anguilla japonica that there is a pronounced nuclear 
secretion, a phenomenon which has been earlier recorded by Scharrer ~ 
( 1934 ) in the nucleus lateralis tuberis of Tinea, by Palay (1943) in the ; 
same region of catfishes and by Hild (1949) in the praeoptic nucleus 
itself of Tinca. In Tilapia, however, in the fingerling stages studied, such } 
a condition is not seen; the only observable feature is the presence of 
intranuclear vacuoles. Pillai (1956) has shown in the tadpole stages of ; 
Rana hexadactyla that the cells of the paraeoptic nucleus shows well defined — 
intranuclear secretory activity. } 

Summary ' 

1. The praeoptic nucleus of fingerlings of Tilapia mossambica 
consists of a ventral parvocellular and a dorsal magnocellular clusters of 
neurosecretory cells. 

2. The magnocellular region consists of large neurons with a more 
or less uniform morphological appearance, each cell measuring about 46 p — 
in length. } 


3. The parvocellular region consists of a large number of smaller 
neurosecretory cells, measuring on an average 15 », length. These neurons 
show variations in their morphology in exhibiting differences in size and 
shape of nuclei, number of nucleoi, intranuclear vacuolear vaculoles and 
cytoplasmic contents, Clumped colloids and vacuoles are observable 
within the cytoplasm of these cells. 2 
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A STUDY OF CERTAIN BIOCHEMICAL PROPERTIES OF 
THE PIGEON ADIPOSE TISSUE LIPASE 


J. C. GEorcE aNnD J. EaPEen 


Laboratories of Animal Physiology and Histochemistry, Department 
of Zoology, M. S. University of Baroda, Baroda 


HE occurrence of a ‘ true lipase’ in the adipose tissue of the pigeon 

and certain other vertebrates has been demonstrated employing both 
histochemical as well as quantitative methods (George and Eapen, 1958 
a, b, 1959 a, c, d). The lipase activity in the adipose tissue of the 
different vertebrates vary considerably. George and Scaria ( 19592 ) 
studied the properties of the pigeon breast muscle lipase and that of the 
same enzyme occurring in the pigeon pancreas {1959b ). The results of 
the investigations undertaken to elucidate certain properties of the pigeon 
adipose tissue lipase are presented in this paper. 


Material and Methods 


The enzyme material used was the ether-defatted visceral adipose 


tissue, covering the coils of the intestine, of the pigeon (Columba livia). 


Acetone was found to reduce the activity of the adipose tissue lipase and 
according to George and Scaria ( 1959a ) the pigeon breast muscle lipase is 
totally inactivated by acetone. Fiore and Nord (1950) used an ether- 


defatted dry powder of Fusarium lini Bolly as the enzyme material for the © 


— | 


a 


study of the lipase of this mould. George and Scaria (1959 a, b) alsoused © 
an ether defatted powder of the breast muscle and the pancreas of the © 


pigeon for the study of this enzyme. This procedure was found to be — 


highly satisfactory for the present investigation also. The visceral adipose 


tissue of decapitated pigeons were removed, cut into small pieces and kept — 


in ethyl ether at room temperature for 2 hours with two changes of the 


solvent. Subsequently this was dried in a vacuum desiccator at room 


temperature, and stored in cold ( 4°C ). An aqueous extract of this was 


used as the enzyme solution in all the experiments. 


40-50 mg of this defatted tissue was extracted in 4 ml of distilled : 


water in cold ( 4°C ) for r hour by grinding it in a mortar. It was then 


transferred whole to a centrifuge tube and centrifuged for 5 minutes at 


[J. Anim. Morph. Physiol., Vol. 7, No. 1, pp. 60-70, 1960] 
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about 2500 r.p.m. and the resulting supernatant used as the enzyme 
solution. The protein content in x ml of this solution was on the average 
I.2 mg. Protein was estimated by the micro-Kjeldahl steam distillation 
method for total proteins ( Hawk et al, 1954). The nitroprusside reaction 
_ for sulphydry]l groups ( -SH groups ) and lead-blackening test for sulphur 
were tried. The enzyme was also treated with excess BAL ( British Anti- 
_ Lewisite, 2 : 3 dimercaptopropanol ) to assess the presence of metals, if 
any. Metals like iron and copper is known to give a precipitate when 
treated with BAL ( Barron e¢ al, 1947a; Webb and Van Heyningen, 1947). 


| Lipolytic activity of the extract was determined manometrically in a 
_bicarbonate-carbon dioxide buffer system of pH 7.4 at 37°C (Martin and 

Peers, 1953). An emulsion of tributyrin ( 4% v/v) in 0.0148 M NaHCO,, 

prepared by shaking in a small Erlenmeyer flask with a drop of ‘“‘ Tween 
80” was used as the substrate. [Each reaction flask contained 1.5 ml of 
0.025 M NaHCOs, 0.5 ml of the substance under test (the various chemi- 
cals used ) in such concentrations as to give a final concentration as noted 

below, and 0.5 ml substrate in the side arm in a total fluid volume of 3 ml. 
The test solutions were introduced into the flasks before the addition of the 
. enzyme, unless otherwise stated. The flasks and manometers were gassed 
‘for 3 minutes with a mixture of 95° Nz and 5% CO. After equilibration 
‘for Io minutes in the constant temperature water bath (37°C), the sub- 
strate was tipped in and again allowed to equilibrate for another 3 minutes, 
| This period was sufficient to ensure complete mixing of the contents of the 
‘flasks. The readings were taken after every 15 minutes for x hour. For 
each experiment a control was run in which 0.5 ml distilled water was 
: added in place of the solution under test. Autohydrolysis was found to be 
“nil. The readings given are after correction for the thermobarometer. The 
controls produced on the average about 218 1 CO,, equivalent to the 
amount of butyric acid liberated. 


7 

: Results 

: : 

: oe Bg Effect of various substances 

Inorganic salis {Figures 1 and 2) : CaCl, at all the concentrations 


tried, activated the enzyme. NaCl, KCI, MgCl, and NH,Cl were inhibitory. 


Intermediate metabolites (Figure 3): All the intermediate metabolites 
tested had a marked inhibitory effect on this enzyme at concentrations 


0.0025 M to o.or M. 
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Amino acids: Of the two amino acids tested L-methionine inhibited 
_ the enzyme at all the concentrations tried, whereas histidine activated it 
( Figure 4). 
ATP (adenosine triphosphate) was found to activate the enzyme 
) at a progressive rate from 0.00025 M to o.cor M ( Figure 5 ). 


Urethane { Figure 6): At a concentration of 0.2%, the enzyme was 
1 inhibited, while at higher concentrations (0.6%, 0.8% and 1% ) there was 
slight activation. 


Sodium taurocholate: ( Figure 7) was found to inhibit the enzyme 
considerably, from 0.0025 M to o.or M, the maximum inhibition being 
about 80% at 0.005 M and 0.0075 M. 


| Meta! chelating agent: 8-hydroxyquinoline is known to bind metals 
in biological materials ( Albert and Gledhill, 1947). The solubility of this 
substance in water is extremely low. A saturated aqueous solution was 
prepared ( 31°C) and 1.5 ml of this solution was added to 1.5 ml of the 
enzyme solution and incubated at 37°C for 30 minutes. A control was 
prepared by similarly incubating 1.5 ml of the enzyme with 1.5 ml of 
distilled water. 1 ml each of these preincubated enzymes was added to 
each flask. The enzyme was found to ee activated about 18% by this 
chemical, 


Thiol reagent: Alkylating agent-Iodoacetate was found to activate 
the enzyme at concentrations from 9.0025 M to 0.01 M. The maximum 
activation was about 36% at 0.0075 M ( Figure 8). 


: 
: 
E. 
4 
(se ee 
_ Explanation of figures: 
L ‘The effect of the various substances on the pigeon adipose tissue lipase. 
; Fig. 1 and 2 — Effect of inorganic salts. x. NaCl; 0, KCl; A, NH,Cl ( Fig. 1). x, 
. MgCl, ; [1], CaCl, ; 0, KCl ( Fig. 2). 
a Fig. 3 — Effect of intermediate metabolites. x, succinate; [], pyruvate; /\, malate; 
0, x ketoglutarate; ‘7, lactate ; @, citrate. 
Fig. 4 — Effect of amino acids. x, L-methionine ; 0, histidine. 
Big, 5 — Effect of ATP. - 
Fig. 6 — Effect of urethane, 
Fig. 7 — Effect of sodium taurocholate. 
Fig. 8 —Effect of iodoacetate and pot. ferricyanide. x, iodoacetate; [], pot. 
ferricyanide. 
Fig. 9 — Effect of thioglycollate. 
Fig. 10 — Effect of glutathione and cysteine. x, glutathione; /\, cysteine. 
Fig. 11 — Effect of BAL. 
Fig, 12 — Effect of PCMB and HgCl,. x, PCMB; 0, HgCl,. 
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Oxidizing agent: Potassium ferricyanide was found to be a potent 
inhibitor. Ata concentration of o.or M the inhibition was about 39% 
( Figure 8}. 

Keducing agents: Monothiol, Thioglycollate (Figure 9) activated 
the enzyme at all concentrations tested from oor Mtoo.1M. ~— 

Glutathione and cysteine: (Figure to) Glutathione markedly 
activated the enzyme progressively from 0.0025 M to o.or M, while cys- — 
teine slightly inhibited it at these same concentrations. At o.or M, 
activation due to glutathione was about 195%. 

Dithiol: BALat all concentrations tested (0.ocor M to o.oor M) 
was inhibitory. Maximum inhibition observed was about 63% at 0.0001 
M ( Figure 11 ). 

Mercapiide forming substances: PCMB ( p-chloromercuribenzoate ) 
at all concentrations tested was highly inhibitory. Almost complete in- — 
hibition was noted at a concentration of 0.0075 M { Figure 12). 

Mercuric chloride: was also an effective inhibitor ( Figure 12 ). | 

Effect of pre-incubating the enzyme first with HgCl, and then with 


BAL. To 1.5 ml of the enzyme solution was added 0.5 ml of 2.4 x 10 + 
M HgCl, and incubated for 15 minutes at 37°C. A control was also simi- 
larly incubated side by side, with 0.5 ml distilled water added to 1.5 ml of 
the enzyme (tube 1). Tor ml of the former was added r ml distilled — 


water ( tube 2) and to the remaining 1 ml 6 x to + M BAL { tube 3 ). To 
tube 1 was added 2 ml distilled water, so as to make the concentration of — 
the enzyme the same in all the three tubes. All the tubes were again — 
incubated for 15 minutes and 1 ml each of these added to the Warburg 
flasks and the activity of the enzyme determined as usual. The results are 


given in table 1. Flask 2 had a final concentration of 10 9M HgCl, and 


flask 3 contained 10 M HgCl, and 10 + M BAL. 
TABLE I 
The effect of pre-incubating the pigeon adipose tissue lipase with HgCl, and BAL 


Activity, i CO, produced 


Control, without Enzyme+ Enzyme+HgCl, 10 > M 


addition HgCl, 10> M +BAL 10 4M 
(29 (2) (3) 


259.9 196.4 120.9 
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HgCl, was found to inhibit the enzyme about 24%. A further inhi- 
bition of about 29% was brought about by the addition of BAL. The 
effect of pre-incubating the enzyme first with BAL and then with HgCly. 1.5 
ml oi the enzyme solution was incubated for 15 minutes with «.5 ml of 


6Xz0 ~4 M BAL at 37°C. A similarly incubated preparation containing 
.5 ml enzyme and o. 5 ml distilled water was used as control (tube I). 
‘To 1 ml of the former was added x ml distilled water (tube 2) and to the 


remaining 1 ml, 1 ml of 2.4x10 * M HgCly (tube 3). 2 ml of distilled 
water was added to tube r and all the tubes incubated for a further period 
of 15 minutes. I ml each of these was added to separate flasks and the acti- 


‘vity noted. The final concentration of BAL and HgClz was 2.5x10 “> M 
and 4 X10 > M respectively (table 2). 
$ Pea lABL ES 2 


Effect of pre-incubating the pigeon adipose tissue lipase with 
& BAL and HeCl, 


Activity, pl CO, produced 


ae 


“ Control, without Enzyme + BAL Enzyme + BAL 2.5X10 > M 
4 - addition 2.5xX10 9 M +HgCl, 4x10 °M 
; ly Gare (2) (3) 


Z 271.2 179.3 137.6 
a —————————————————————————— Es 


@ The enzyme was inhibited about 34% by BAL and a further inhibi- 


tion of.15% was noted due to the addition of HgCle. 
~- Effect of -pre-incubating the enzyme first with PCMB and then with 


lutathione. 1.5 ml of the extract was incubated with 0.5 ml of 6x10 “3 MW 
>CMB for 15 minutes at 37°C. To another 1.5 ml portion of the extract 
vas added 0.5 mi distilled water (tube 1) and incubated as above. This 
erved as control. To x ml of the former was added rc ml distilled water 


tube 2 ) and to the remaining r ml, i ml 1.44X 10 9M glutathione (tube 
|. 2 ml of distilled water was added to tube 1 and all the three tubes in- 
ubated for a further period of 15 minutes. x ml each of these prepara- 
ions was added to separate flasks and the activity noted as usual. The 
final concentration of PCMB and glutathione in the flasks were, 


2 5x10 +Mand2.4X 10 4 M respectively (table 3 ). 
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TABLE 3 


Effect of pre-incubating the pigeon adipose tissue lipase with 
PCMB and glutathione 


Activity, 1 CO, produced 


Control, without Enzyme + PCMB Enzyme + PCMB 2.5X10 * M 


addition 2.5X 10 *M + glutathione 2.4 x 10 + M 
(zr) (2) (3) 


163.9 35:33 eLO2.Z 


The enzyme was inhibited about 79% by PCMB. The inhibition 
was completely reversed by glutathione and an activation of about 17% 
was also brought about. 


The nitroprusside reaction for -SH groups and lead-blackening test 
for sulphur gave negative results. Ihe enzyme solution when treated 
with excess BAL, did not yield any precipitate thereby indicating the 
absence at least in easily detectable quantities of metals like iron and 
copper. 

Discussion 

The extensive studies on lipases and esterases by the schools of 
Willstater and Rona are well known. The literature upto 1950 has been 
reviewed by Ammon and Jaarma (1930). It is generally agreed, that the 
hydrolysis of tributyrin is effected by ‘true lipase’ ( Martin and Peers, 
1953). Inthe manometric system, the pancreatic lipase hydrolyses tri-— 
butyrin readily, but olive oil is not acted upon ( George and Scaria, 1959b ). 
Martin and Peers (1953) made a similar observation with regard to oat 
lipase. The latter authors explained the non-hydrolysis of olive oil in a 
manometric system as due to the predominance of water in the system. 
Moreover lipases from various sources differ from each other with regard to’ 
their solubility, specificity and kinetic properties ( Martin and Peers, 1953 ). 
From the study of the properties of the pigeon breast muscle lipase ( George 
and Scaria, 1959a ) and pancreatic lipase (George and Scaria. 1959b )3i6 
appears that every enzyme may be adapted for maximal activity in the 
respective physiological environment in which it occurs. Onur present 
study also tends to support such a contention. 


Sodium taurocholate considerably inhibited the eey me: All the 


Krebs cycle intermediates and lactate, also acted as inhibitors. The 
pigeon pancreatic lipase has been reported to be activated by sodium 


ser 
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; taurocholate while the breast muscle lipase of the same animal, inhibited 
“by it (George and Scaria, 1959a,b). The Krebs cycle intermediates and 
lactate activated the breast muscle lipase of the pigeon while the 
“pancreatic lipase was inhibited (George and Scaria, 1959a, b). The 
activity of the adipose tissue lipase is intracellular and its physiological 
environment should contain normally, only small quantities of bile salts or 
. intermediate metabolites, Bile salts occur in appreciable quantities in 
the physiological environment of the pancreatic lipase while the inter- 
_mediate metabolites in that of the breast muscle lipase. ATP was how- 
ever, found to activate the adipose tissue lipase. As far as we are aware, 
_ we have no information available on the levels of the various phosphate 
compounds occurring in the adipose tissue of the pigeon. But it is note- 
_ worthy that considerable quantities of ATPase was found to be present in 
_ this tissue ( George and Eapen, 1959b ). No cation requirement if any, 
_could be demonstrated by adding these substances. Added cations had 
_ only an inhibitory effect, except Ca, which showed an activation. 

The negative results obtained with nitroprusside reaction for 
i sulphydryl groups and the lead-blackening test for sulphur tend to show 
that the enzyme does not contain either-SH groups or disulphide groups 
io =S-S— groups ) in its protein. A similar observation was made with 
“regard to the pigeon breast muscle lipase ( George and Scaria, 1959a ) and 
; the pancreatic lipase ( George and Scaria, 1959b). It should however, 
be pointed out that there are different types of -SH groups occurring 
‘in the native proteirs ( Barron, 1951). Of these, the ‘‘freely react- 
ing-SH groups” readily react with nitroprusside and ferricyanide. The 
“second variety, ‘‘sluggish-SH groups ”’ react with more powerful reagents 
“such as PCMB. In certain instance ferricyanide is also known to react 
bvith the latter type. The third type. ‘‘ masked-SH groups”, are in 
“general not connected with enzyme activity, since they are so protected as 
to require protein denaturation to become reactive. But the enzyme 
‘activity is destroyed by protein denaturation (Barron, 1951). Potas- 
sium ferricyanide, an oxidizing agent, inhibited the adipose tissue lipase. 
Enzyme inhibition by ferricyanide is assumed to be due to the oxidation 
of -SH groups to the disulphide ( Barron, 1951). Iodoacetate, an alkylat- 
ing agent, activated the enzyme. It is known that some thiol enzymes 
{shown to possess -SH groups necessary for enzyme activity with the 
aid of oxidizing and mercaptide-forming agents ) are not inhibited at all 
y iodoacetate ( Barron, 1951 ). 
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Barron (1951) has classified pancreatic lipase and esterases under ~ 
sulphydryl enzymes. Ions of heavy metals such as Hg are said to inac- | 
tivate such enzymes by combining with reactive -SH groups, forming ~ 
mercaptide compounds. Such inactivation can be reversed by the addi- ~ 
tion of BAL because of its greater affinity for the metal. It must be noted, — 
however, that BAL because of its powerful reducing power, inhibits enzyme 
reactions which are independent of ~SH groups in the protein (Barron, — 
1951). Both HgCl, and BAL considerably inhibited the adipose tissue — 
lipase. Due to the oxidation of dithiols, -SH enzymes are known to be © 
inhibited ( Barron et al, 1947b). As is evident from the results { table 1) 
BAL was not found to reverse the inhibition brought about by HgCl,. — 
Furthermore, due to the cumulative effect of these two substances, enhanc- | 
ed inhibition was the result, when both were present simultaneously — 
(table rand 2). Inhibition of the adipose tissue lipase by HgCl, and 
PCMB, appears to be due to their reactivity towards -SH groups. The — 
reversal of PCMB inhibition by glutathione supports this view. It has © 
been reported that whenever thiol groups are attacked by agents which 
destroy the -SH groups, glutathione will restore the -SH groups by with- — 
drawing the heavy metal or by reducing the oxidized -SH groups ( Barron, — 
1951). According to George and Scaria ( 1959a, b), the inhibition of the © 
pigeon breast muscle and pancreatic lipase is not due to reaction with -SH — 
groups, but is due to the binding of reactive NH2 groups of the protein. — 
This latter possibility may be ruled out in the present instance due to the 
fact that PCMB inhibition is totally reversed by glutathione. PCMB is said — 
to be the most powerful inhibiting agent for -SH groups and the most — 
specific when accompanied by reactivation ( Barron, 1951). Based on 
Singer’s observations Barron (195t) states, ‘“‘ whereas inhibition of 
D-amino acid oxidase by PCMB is dependent on the substrate used, the 
inhibition of lipase depends on the molecular size of the substrate. The 
larger the substrate molecule, greater the inhibition produced by thiol 
reagents.’ He believes that in such cases as in lipase, ‘“‘ the -SH groups — 
do not contribute to the activity of the enzyme and that the inhibition 
is due to the steric interference with the approach of the larger substrate — 
molecules to the active surface of the lipase”. This explanation appears 
doubtful. :4 

Of the four reducing agents tested, thioglycollate and glutathione ~ 
activated the enzyme, while cysteine and BAL considerably inhibited it; 
especially the latter. Thiol groups of proteins which have been converted — 
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into disulphides can be easily reduced on addition of a large excess of 
soluble thiol compounds ( thio acids, cysteine, glutathione, BAL and other 
-dithiols ), and the effectiveness of these vary greatly (Barron, 1951). 
That the activation of the enzyme by thioglycollate and glutathione is due 
_to this, is doubtful. Another possibility is, that activation may be due to 
_the binding of inhibitory metal ions present in the enzyme solution. The 
; pigeon pancreatic lipase is shown to be activated by glutathione ( George 
_and Scaria, 1959b ) while cysteine activated the breast muscle lipase of the 
/same animal (George and Scaria, 1959a). The ability of the above 
“mentioned substances to combine with different metals vary considerably 
(Barron eé¢ al, 1947b; Webb and van Heyningen, 1947). That the inhibi- 
tion is not due to the combination with metals of the enzyme protein, 
“forming mercaptides, is borne out by other results. First among these 
‘is the absence of any precipitate on treatment of this enzyme with BAL. 
BAL in combination with a number of metals, like Fe, Pb, Bi, Cu, Co, Ni, 
‘is known to give coloured insoluble complexes ( Barron et al, 1947a; Webb 
‘and van Heyningen, 1947). Second is that, 8-hydroxyquinoline which is 
a metal-chelating agent (Albert and Gledhill, 1947) did not inhibit the 
"enzyme, but curiously enough activated it. This indicates the lack of 
a metal in the enzyme protein. As has been mentioned earlier, activa- 
‘tion by this chemical also may be due to the binding of some inhibitory 
‘metalions. This, however, is not conclusive. 


In conclusion the following may be stated: 

I. From the data available from the present experiments it is 

evident that an aqueous extract of ether-defatted adipose tissue is active 

by itself and is not dependent on any added substances. 

| 2. The adipose tissue lipase does not contain a metal in its enzyme 

protein and it does not require any metal ions for activity. 

: 3. This enzyme appears to be an -SH enzyme or one requiring -SH 
or -S-S- for activity. 
¥ Summary 

Certain biochemical properties of lipase in aqueous extracts of ether- 

lefatted dry adipose tissue of the pigeon was studied in a manometric 

System, using tributyrin as substrate. No cation requirement for the 

enzyme activity could be demonstrated. This enzyme was inhibited by 

sodium taurocholate, Krebs cycle intermediates and lactate. PCMB and 

HgCl, were both inhibitory. 8-hydroxyquinoline activated the enzyme, 

soalso ATP. Glutathione activated the enzyme while cysteine was found 
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to be inhibitory. -The inhibition by PCMB was reversed completely by 
the addition of glutathione. BAL was also inhibitory. The enzyme ap- 
pears to be an -SH enzyme or one requiring -SH or -S-S— for activity. 
It is found that the enzyme activity is not dependent upon the presence 
of metal or metals. 2 
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ON THE COMPOSITION OF THE SCALES AND SKIN OF 
BOLEOPHTHALMUS BODDAERTI PALL AND 
MUGIL DUSSUMIERI (VAL ) 


(Miss) P. AMBuJA Bar AND (Miss) M. KALyAni 


Marine Biological Station, Porto-Novo, S. India 


| PE) URING recent years it is increasingly realised that there is need for 

detailed investigations on the chemical composition of fish tissues. 

This is partly because the investigations in the past were almost exclusively 

‘confined to fish muscle. The investigations in the past also failed to take 

note of the fact that the concentration of the chemical constituents of fish 

tissues is likely to vary considerably from one type of fish to another, 
“depending on several factors. 

The skin is known to play a very significant role in the physiology 
of the fish, But comparatively little information is available regarding 
the chemical composition and the little that is known indicates that it is 
‘no less interesting than the muscle. This is evident from the comparative 
‘values for the constituents of the flesh and skin as given by Van Oosten 
(1957 ) for cod. On a dry weight basis these are as follows : 


q Protein Ash Fat 
; Flesh 87% 5.1% 3.4% 
Skin ——- 88.5% 8.2% 2.3% 


It is known that considerable variation occurs in the chemical com- 
: position of the muscles of fish even among the individual fish of the same 
‘species. This must hold true for skin also, as remarked by Van Oosten 
( 1957 ), but we know nothing of the variability, not to speak of the 
actors governing it. 
: The same remarks will apply to the composition of fish scales.’ 
Vinogradov ( 1953 ) in his classic work has recorded the mineral composi- 
ion of the scales of six species of fish. Takashi and Shikowa ( 1953 ) 
tudied the nitrogenous and mineral constituents in one species, and Obata, 
Igarashi and Ishida the guanine content in one species. The organic 
constituents of the scales of eight species of fish have been studied by 
sreen and Tower (1902). Ney, Deas, and Tarr ( 1950 ) have determined. 
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pallasii and more recently Solomons ( 1955 ) has investigated the proteins 
with special reference to N-terminal amino acids of ichthylepidin in the 
scales of the pilchard. But practically in all these studies the variability 
in the concentration of the chemical constituents with the individual fish 
and in relation to ecological factors and physiological state of the fish has 
been completely overlooked, and no mention is made even of the number 
of specimens which were analysed. 


The present account dealing with the total mineral content, eacant 
content and the amino acids of the scales of two species of fish, Boleoph= 
thalmus boddaerti and Mugil dussumiert is an exploratory step in under- ~ 
standing the variation of some of the chief constituents in connection with 
a project under investigation regarding the comparative physiology and 
composition of the skin and scales of representative Indian fishes, One of 
the authors ( Kalyani ) studied the skin and scales of Boleophthalmus and 
the other author ( Ambuja Bai ) the skin and'scales of Mugil dussumiert. 


Material and Methods 


Specimens of the two species of fish investigated were obtained from 
the Vellar estuary. The determination of ash and calcium in the scales was 
made in each of seven specimens in a sample of males of each species. The ~ 
samples of the two species were more or less alike. The determination of 
ash and calcium in the skin was made in four specimens of each species. 
The nitrogen estimation was done only in few specimens, three of Boleo- 
phthalmus and two of Mugil. 


For the determination of ash and calcium content, the scales and skin 
were removed separately from the body, rinsed in water, and any adhering 
tissues were carefully removed. The scales were dlso washed in dilute KOH, 
then washed again with distilled water. A few milligrams of the scales and — 
skin were separately dried to constant weight at 1oo°C and the former 
ashed in a muffle furnace at 600°C, and the latter at 200°C. 


For determining the calcium content, the method given by Hawk e¢ al 
(1954) was adopted. For the determination of nitrogen in the skin and 
scales the microkjeldahl ( Hawk ef al) method was adopted. Protein in 
skin and scales was calculated from the nitrogen values which were multi- — 
plied by 6.025, instead of the conventional 6.25, as the former factor is 
regarded as more satisfactory as Love (1957 ) has discussed. 


For the study of the amino acid composition, the material was hydro- 
lysed with ON HCL by autoclaving the samples with an excess of dilute © 
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HCL for about 8 hours, at a pressure of 30 lbs. The acid hydrolysates were 
prepared for chromatographic analysis in the usual manner. Uni-dimen- 
sional and also two dimensional chromatographic analysis was carried on 
Whatman filter paper No.1. For unidimensional chromatograms N-Buta- 
nol, acetic acid and water mixed in the ratio 24 : 6 : 10 was used, and for 
two dimensional chromatograms buffered phenol was used as the second 
solvent. 0.25% ninhydrin was used as the colour developing agent. 


Observations and discussion 
The results of the analyses of scales and skin of the two species of 


fish are shown in Tables r to 3. 
TABLE I 


Ash percentage value of scales and calcium percentage in ash of scales. Ash 
values per I00 gms. dry weight of scales and calcium as % of ash. 


Boleophthalmus beddaertu Mugil dussumiert 
Specimen Organic : Organic . 
No: Ash | Matter | Calcium | Ash Matter Calcium 
I 35-550 64.450 34.640 41.640 58.400 35.400 
2 44.000 56.000 37.980 34.600 65.400 42.850 
3 . 30.560 63-440 33.063 58.650 41.350. 35.090 
4 41.390 58.610 37.370 39.010 60.990 39.900 
5 48.000 52.000 24.130 44.700 55.300 36.800 
6 40.000 60.c00 22.434 55.770 44.230 33.640 
7 47.640 52.300 34.440 54.110 45.990 47.310 
Total 293-140 406.860 224.057 328.440 376.660 270.990 
Mean 41.877 58.123 32.008 46.92 53.094 38.710 
Bre 4.95 9.93 6.25 10.10 9.50 4.60 
co 1.3 1.3 1.7 2.6 2.9 1.2 
! 
eg 11.8 8.5 19.5 215 +72 eae 
}. 
‘t’ for differences in the Mean values for ash 2.5teth ——\O10os 
: ‘2 RR WS ualasy 7 , Calcium 2.78 ; P =‘0.018 
MIO 


ee oe 
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TABLE 2 
Ash content ter too grams of dry weight of skin and % of calcium 
in ash of skin 


Boleophthalmus bodderti 


Mugil dussumiert 


Specimen Neh Organic Calcium hee Organic | Calcium 
No. Matter | % of ash Matter | % of ash 
I 3.33 90.67 98.66 3.11 96.8g 70.10 
2 6.41 93-59 66.60 3.66 — 96.34 94.300 
3 6.41 93-59 66.60 4-30 95-70 = 43.53 
4 5.80 94.20 44.20 7.08 92.92 43-83 
Total 21.95 378.05 276,06 18.15 381.90 251.46 
Mean 5.487 94.512 69.045 4.337 95-475 62.866 
ear Sao 14 22.500 1.760 17, 24.5 
Borne 0.51 His - 9.0 a6 ae 8.7 
ee. et 26.40 1.50 32.5 38.8 1.86 S77) 
TABLE 3 


Percentage of total nitrogen and protein in the scales and skin of 
Boleophthalmus boddaerti and Mugil dussumieri 


SCALES SKIN 
Boleophthalmus Mugil Boleophthalmus Mugil 
N 12 N N Pp N ie 
2 9.240 55.671 9-564 57-524 14.280 85.990 14.700 88.570 
2 9.240 55.071 9.564 57-524 14.280 85.990 14.700 88.570 
3 8.400 50.610 8.700 54.417 — — — eal 
Mean 8.993 53-959 9.276 56.488 14.280 85.990 14.700 88.570 


1 I SR 
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(a) Ash and Calcium. 

It will be seen from Table 1 that the scales in the two species have 
different mean values for ash and calcium. The mean value for ash 
content in the scales of Mugil is 46.92 gms per 100 gms of dry weight of 
scales, and in the scales of Boleophthalmus 41.87. Similarly the mean 
percentage of calcium in the ash of the scales is higher in Mugil, being 
38.71 in Mugil, and 32.00 in Boleophihalmus. 


With regard to the skin also the mean values for ash and calcium 
differ in the two species. But in this case, it is Boleophthalmus that has 
higher mean values for ash as well as calcium. 


Comparing the concentration of the constituents in the scales and 
skin in each species, we find that the skin has a much lower percentage of 
ash than the scales, but the percentage of calcium is higher in the ash of 
the skin than in the ash of the scales in both species. This indicates that 
in the skin the major part of the mineral content is calcium, but the scales 
contain besides calcium an appreciable quantity of other mineral matter. 


Another feature which is evident from the data is that the variation 
of ash and calcium in the scales is different in the two species. The 
standard deviations and coefficients of variation of the two samples are 
different in the two species. The calcium concentration in the ash of scales 
_shows greater variation in Boleophihalmus, but the ash content has greater 
3 variation in Mugil. It may also be observed that.there is similarity bet- 
_ween the variation of calcium in one species and the ash in the other, and 
'vice versa. This would mean that the scales of the two species differ in 
the concentration of organic constituents also. It must be admitted, how- 
ever, that the parameters for variation in the two samples have high 
values, which might mean that the samples investigated are not adequate 
and sufficiently unified for arriving at final conclusions. 


‘ 


; With regard to the skin, it is in Mugil that eistivaly: greater 
variation is seen in ash as well as calcium content. But here again the 
“inadequacy of the sample must be borne in mind. 


Tae 


: Finally we have to consider whether the differences in the corres- 
“ponding mean values are significant. ‘The ‘t’ values for the differences 

etween the means for ash and calcium in the scales of the two species 
_ significance. But the differences in regard to the. mineral consti- 
tuents of the skin are not significant. On the other hand the differences 
i 
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between the corresponding mean values for the scale and skin constituents 
in both species are significant. 


(b) Nitrogen 
The total nitrogen values are shown in Table 3. The nitrogen (and 


protein ) values differ only slightly in the two species. But the skin has 
a higher nitrogen content than the scales. 


(c) Amino Acids 


The proteins of the scales of the two specimens of fish, chiefly with 
_ reference to ichthylepidin and collagen have been under investigation. In 
the present note, hewever, only the amino acid composition of the acid 
hydrolysates of the whole scales and skin is given. We have not been 
able to detect so far any qualitative differences in the amino acid composi- 
tion between the scales of the two species. This holds true for the skin 
also. The amino acids thot have been detected so far are (1) Leucines. 
(2) Phenylalanine. (3) Methionine. (4) Tyrosine. (5) Proline. (6) 
Alanine. (7) Glutamic acid. (8) Threonine. (9) Hydroxyproline. ( 10) 
Glycine. (11) Serine. (12) Aspartic acid. (13) Arginine. (14) Aspara- 
gine. (15) Histidine. (16) Lysine. Cystine is absent in both scales and ; 
skin. : F 

Conclusion 


The present study indicates that the ash and the calcium content 
of scales and skin of the fish investigated is very variable, and there is 
the probability of each species having its characteristic mean and range 
of variation in respect of some of chief chemical constituents of scale and | 
skin. The variation in the composition of these, structures in relation to @ 
physiological and ecological conditions is worth precise investigation, and 
this is in progress. . 


Regarding the amino acids, Ney, Deas and Tarr ( 1950) have menti- 
oned only the essential amino acids from the standpoint of nutritive value. — 
Solomons (1955) has given the amino acid content of ichthylepidin and _ 
gelatin of the pilchard. In the present study it is found that phenylalanine : 
and arginine occur in addition to the amino acids mentioned for pilchard. — 
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COMPOSITION OF FISH SCALES AND SKIN Tis 
Summary 


I. The ash content, percentage of calcium in the ash, total nitrogen 
and the amino acids of the scales and skin of Boleophthalmus 
boddaerts Pall. and Mugil dussumieri ( Val.) have been investi- 
gated. 


2. Theskin has a higher total nitrogen content and a lower ash con- 
tent than the scales, 


3. The percentage of calcium in the ash is higher in the skin than in 
the scales. 


4. The two species indicate significance in the differences in their 
calcium and ash content of the scales. The variation of these 
constituents is different in the two species. 


5. There are no significant differences between the two species with 
regard to the variation in the ash and calcium content in the skin. 


6. But between the skin and scales in each species there are signi- 
ficant differences in the variation of calcium and ash content. 


7. The two species do not differ in the amino acids of the scales and 
skin. 
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(1 Plate ) 


ope atrioventricular bundle differs from the cardiac muscle, histological- 

ly as well as physiologically. The Purkinje fibres which are régarded as 
the structural units of the bundle of His are larger than the cardiac fibres 
and are often characterized by the presence of double nuclei in them. 
Functionally the bundle differs from the cardiac muscle in being con- 
ductile. It is also known to be rich in glycogen ( Truex and Copenhaver, 
1947 ; Field, 1951 ; Poppen et al, 1953 ), potassium ( Poppen eé¢ al, 1953 ) 
and cholinesterase ( Carbonell, 1956). In addition to its role in con- 
duction and of storage of glycogen in the heart, a possible new function, 
that of synthesis of fat, has been recently suggested ( Kuwabara and 
Cogan, 1959). These authors have shown experimentally that the 
Purkinje fibres appear to possess the ability to synthesize sudanophilic fat, 
which is not shared by the cardiac muscle, thereby suggesting the existence 
of a distinct fat metabolism in this tissue. In the light of these findings, 
we were encouraged to undertake the present study of the bundle of His 
aud the cardiac muscle with a view to investigate the problem of 
lipogenesis by the Purkinje fibres by exploring histochemically the actual 
localization of some of the enzymes, particularly lipase. 

The sheep heart was chosen as the material because in this the fibres 
of the atrioventricular bundle are bigger { 30. ) than those of the laboratory 
animals like rat (9 } and rabbit ( 10) ( Davies and Francis, 1952), and 
also of the advantage in the bundle being enclosed in a connective tissue 
sheath which makes it easily discernible. 

Material and Methods 


Fresh sheep hearts from the slaughter house, each excised imme- 
diately after killing the animal and placed in a polyethelene bag covered 
[ J. Anim. Morph. Physiol., Vol. 7, No. 1, pp. 78-85, 1960] 
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with ice were used within ten minutes during which time the material was 
transported from the slaughter house to the laboratory. The heart was 
dissected immediately and a block of the interventricular septum nearer 
to the auricles was cut along with a portion of the auriculo-ventricular 
bundle. This block was fixed on the stage of a carbondioxide freezing 
microtome in such a way as to cut the bundle transversely, and frozen 
immediately. Sections were cut for the different histochemical observa- 
tions on enzyme activity and blocks of the tissue were also cut from the 
same and fixed in appropriate fixatives for fat, glycogen, mitochondria 
and general histology. In order to see if there were any distinct changes 
as a result of the time lag in transport, tissues were also fixed in the 
different fixatives at the slaughter house itself, immediately after removal 
of the heart from the animal. All the experiments were repeated on diff- 
erent hearts. 
Lipase : 

The ‘ Tween ’ method of Gomori ( 1953 ) for lipase using ‘‘ Tween 80” 
( Atlas Powder Co ) as substrate was followed with certain modifications. 
Frozen sections of 40, - 80), thickness were cut high in the interventri- 
cular septum and dropped directly into 6% formalin neutralized with 
Na2HPO, and maintained at 4°C for fixation. After fixation for 3-4 hours 
the sections were washed in a gentile stream of running water for an hour 
and mounted on clean albumenized glass slides and dried. Control sections 
were boiled for ten minutes in water to inactivate the enzyme. All the 
sections were then coated with a thin layer of 10% aqueous gelatin. The 


4 rest of the procedure was the same as described by George and Iype (1960). 


| Succittic Dehydrogenase : 


Histochemical localization of succinic dehydrogenase was demonstrat- 
_ ed using neotetrazolium as the hydrogen acceptor. George and Talesara 
(1960) have reviewed the earlier literature and also pointed out that the 


; activity of this enzyme in tissues containing very little succinic dehydro- 
_ genase activity hardly demonstrable by histochemical methods under 
- aerobic conditions, could be successfully demonstrated when carried out 


a 


: 


; 


i 
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under anaerobic conditions. The present experiments were conducted 
under both the conditions. 


Fresh frozen sections of 40), thickness were cut from the same tissue 
block and dropped in ice-cold phosphate buffer for nearly ten minutes in 
order to remove the endogenous substrate from dehydrogenase activity. 
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Meanwhile nitrogen was bubbled for 5 minutes through the incubation 
medium ( George and Talesara, 1960 ) which consisted of 2.5 ml PO, buffer 
(0.1M, pH 7.6), 0.6 ml sodium succinate (0.5M, neutralized to pH 7.6), 
2.5 ml CaCl, (0.004M ), 0.5 ml AIC], (0.004M), 0.3 ml NaHCO, (0.6M, 
freshly prepared), 0.05 ml MgSO, (0.005M ), 0.5 ml NaCN (0.03M, neu- 
tralized to pH 7.6), r ml neotetrazolium (3 mg/ml, freshly prepared ) and 
0.05 ml methylene blue (2 mg/ml). The sections were placed into the in- 
cubation mixture and incubated for 15-30 minutes. The sections were 
then washed well in phosphate buffer, fixed in 10% neutral formalin in 
cold for 4-6 hours and mounted in glycerine jelly, after washing away the 
formalin. The preparation was immediately examined and microphoto- 
graphed. Control sections were incubated in an incubation medium with- 
out the substrate. 


Cylochrome oxidase : 


G-Nadi reaction for cytochrome oxidase ( Pearse, 1954 ) was tried on 
40. thick sections from the same tissue block. 


Fat: 


Thin tissue blocks were fixed in Baker’s calcium formol for 24 hours, 
postchromated for 18 hours at room temperature and 24 hours at 60°C in 
potassium dichromate solution (Baker, 1946). After washing they were 
embedded in gelatin and sections of 15), thickness were cut and mounted. 
The sections were stained with saturated Sudan Black B solution in 70% 
alcohol. Some of the sections were stained with Oil Red O in 1% Tween 
40 dissolved in 30% alcohol ( Bell, 1959 ). 


Glycogen : f 
_ Glycogen was stained by the PAS technique. 
Mitochondria : 


4p thick paraffin sections of the tissue fixed in Altman’s fluid were 
stained with Anilin Fuschin (20% Acid Fuschin in saturated solution of 
Anilin oil), 0.5% Toluidine blue and differentiated in 0.5% Aurentia in 70% 
alcohol ( Gray, 1954). They were rapidly dehydrated, cleared in xylol 
and mounted in Gum dammar. Adequate care was taken to avoid the 
settling of bacteria on the slides, because of their affinity for the stain. 


For general histology paraffin sections fixed in Bouin’s fluid were : 
stained with Heidenhain Azan Stain ( Gurr, 1956 ). 
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| Results 
Gee 
Lipase was found to os distributed more or less elle both in the 
bundle of His and in the cardiac muscle (Fig. 1). The possibility of 
diffusion of the black precipitate from the original sites of lipase activity 
is remote because of the gelatin coating ( George and Iype, 19€0). This 
is further supported by the fact that no precipitate was seen in the region 
of the connective tissue sheath covering the bundle, since if there was any 
_ diffusion from the cardiac muscle to the bundle of His, there should have 
been at least some precipitate on the connective tissue sheath also. 
Unlike the cholinesterase which has been shown to be localized only in the 
periphery in the lamb conductive system (Carbonell, 1956 ) the lipase was 
seen all over the Purkinje fibres. 


Succinic Dehydrogenase : 


The concentration of succinic dehydrogenase was considerably less 

in the bundle than in the cardiac muscle. (Fig. 2 and 3). The cardiac 

muscle showed a large number of deep purple diformazan granules whereas 

in the bundle the number of granules was comparatively small and the 
| intensity of the colour was also much less. Rutenburg ef al ( 1953 ) 
-studied the succinic dehydrogenase activity in different tissues of six 
' mammals and reported highest activity in the heart. They also showed 
that the heart like other tissues was stained more intensively under 
: anaerobic conditions. 
Cytochrome Oxidase : Rei 
Cytochrome oxidase also showed the same » pattern of distribution as 
that of succinic dehydrogenase in being more in the cardiac muscle and 
_ less in the bundle of His. 
Fat : 

Fat was found to be less in the bundle when stained with Sudan 
Black B and also with Oil Red O in Tween 40 alcohol solution ( Fig. 7 and 
8). Fat in the bundle was invariably seen towards the periphery of the 
| Purkinje fibres. ; ; 
Mitochondria: 

4 ; Mitochondria were comparatively much less in the bundle than in 
d the cardiac muscle ( Fig. 4,5 and 6). In the Purkinje fibres the mito- 
_ chondria were seen chiefly towards the periphery (Fig. 4 and5). This 


_is in agreement with the findings of Muir ( £957 ). 
MIL 
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Nuclei : . 
In sections stained with Azan stain, the double nuclei of the 
Purkinje fibres were clearly seen and the connective tissue was also 
stained. 
~ Discussion 


The results obtained from the present investigation indicate that the 
metabolism of the conducting system of the heart and the myocardium 
are not identical. The bundle contains a very high amount of glycogen 
and very little fat, suggesting a predominently carbohydrate metabolism 
distinct from that of the rest of the heart. The cardiac muscle has a high 
fat content. The high lipase activity in the cardiac muscle is also suggest- 
ive of a high level of fat metabolism in this muscle. The role of lipase 
in bringing about the degradation of fat into fatty acids and glycerol in 
the cardiac muscle is of special significance in the light of Bing’s findings 
(1956 ) that fatty acids form the chief energy fuel for the contraction of 
the heart. Moreover our recent observation (1959 ) that there is a direct 
relationship between the heart rate and the lipase activity in the chick 
heart during development also points to the important dole of lipase i in the 
metabolism of the cardiac muscle. 


Microphotographs of sections of the sheep heart through the bundle of His and the 
adjacent myocardium. 

Fic. 1x Section treated for the demonstration of lipase activity in the bundle of His (seen 
in the centre surrounded by a clear area of connective tissue) and the cardiac 
muscle surrounding the bundle. Note the equally high concentration of the pre- 
cipitate in both the above areas and also a few fat globules at the periphery of the 
bundle. 

Fic. 2 Section treated for the demonstration’ of succini¢ gaia diopeniase activity. Note 
s the low concentration of the enzyme in the bundle as opposed to the myocardium, 
Fic. 3 Higher magnification of the section in fig. 2 showing granules of diformazan and a 

' couple of fat globules at the periphery of the bundle. 
Fic: 4 Section treated for the exposition of the mitochondria. The area within the circle 
‘ shows a portion of the bundle of His and that in the square a parte of the my- 
- ocardium. 
Fic. 5 Theregion denoted by circle in fig. 4 is presented under high magnification (oil — 
immersion). Notice the distribution of the mitochondia towards the periphery of 
the Purkinje fibre. 

Fic. 6 The region denoted by the square in fig. 4 is presented under high magnification 

( oil immersion ). “Note the greater concentration of mitochondria here in’ compar- 
: ison with the region in fig. 5 

Fic. .7 Section treated with Sudan Black B or fat. Note the high concentration of fat in 

eS myocardium. 

Fic. 8 The same section in fig. 7 is magnified, 


Plate 1 
J. C. GeorcE and P. THOMAS IyPE 


HISTOCHEMICAL STUDY OF THE SHEEP HEART 83 


The occurrence of an equally high concentration of lipase in the 
bundle of His where the amount of fat present is considerably less, how- 
ever, needs to be explained. The presence of a certain enzyme in a tissue 


may be considered as an indication of the occurrence of its specific 


substrate to be metabolized there. It is well-kuown that lipase can 
synthesize fat and also split up fat into its component fatty acids and 
glycerol. If the latter role of lipase is predominent in the bundle of His, 
it is logical to expect a high level of activity of the oxidative enzymes 
there so that the products of lipolysis could be oxidized to yield energy. 
But it has been shown that the level of the oxidative enzyme activity in 
the bundle of His is considerably low. On the.other hand lipase activity 
as well as activity of the oxidative enzymes is comparatively very high in 
the myocarcium. These observations lead us to the conclusion that the 
occurrence of lipase in the bundle of His is chiefly for the synthesis of fat. 
This is in accordance with the finding of Cogan and Kuwabara ( 1957) that 
in the rabbit heart there are some cells which synthesize fat and that their 
peculiar distribution denoted‘a relationship to the Purkinje system. More 
recently Kuwabara and Cogan ( 1959 ) have confirmed in the sheep heart 
that the Purkinje fibres synthesize fat. Chemical analysis of other tissues 
from which considerable quantities of fat may be obtained, have indicated 
that this fat consists predominently of triglycerides in which the fatty 
acids of the medium are incorporated (Kuwabara and Cogan, 1959). 


. In our present investigation fat ‘is found to occur in considerable 
amount as droplets in the immediate vicinity of the bundle of His ( Figs. 


(35 2and 3); and that- too invariably near the blood vessels. So the 


_ probability is that, that the fat formed in the Purkinje fibers is given out 


to the heart muscle where it is utilized for energy. In man and dog the 
AV node and the bundle of His have been shown to be in direct relation- 
ship with a profuse. capillary network, ( Lumb é¢ al, 1959 ). Bing ( 1956 ) 
has pointed out that it is likely that the fatty. acids are stored by the 


heart after elevation in blood fatty acid level after a high fat intake. So 


it is also probable that the bundle of His takes the fatty acids from the 


_plood and converts them into triglycerides. It should be mentioned here 
_ that electron microscopic studies of the bundle of His with special reference 
| to microsomes should be of considerable interest since it is now more or 


less well established that microsomes are sites for lipid synthesis too 


( Green, 1959 ), 


— se 


84 J. ©. GEORGE AND P. THOMAS IYPE 


‘Summary 
1. A histochemical study of the concentration and localization of 
lipase, succinic dehydrogenase, cytochrome oxidase, fat, glycogen and 
mitochondria in the bundle of His and the myocardium of the sheep heart, 
was carried out. : ; 


2. The considerably high concentration of lipase in the Purkinje 
fibres is correlated with their lipogenetic function and the possible role of 
lipase in the bundle, is discussed. 
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OBSERVATIONS ON CHLORIDE CONTENT IN GASTRIC SAMPLES 
AFTER INGESTION OF EGG PREPARATIONS IN NORMAL 
HUMAN SUBJECTS 
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Ro of gastric secretory function by fractional gastric analysis 

method with alcohol meal have been previously reported from this 
laboratory ( Pai, 1956, 1957 & 1958). In a similar study, the chloride 
content of the gastric samples withdrawn in response to preparations of 
eggs ingested was determined, the results of which are presented in this 
communication. It may be stated that so far the determinations regard- 
ing the chloride content in gastric samples that have been done by various 
workers are after the response to standard test meals, like alcohol meal or 
toast meal and likewise. Here in the present study an attempt has been 
made to study the response after various preparations of eggs administered 
in normal subjects. 

Materials and Methods 


Normal healthy male medical students of age varying between 18 
and 24 years were chosen as subjects for the investigations. Meals of 
alcohol, and various egg preparations were fed to three subjects. The pro- 
cedure followed for withirawing the gastric samples after ingestion of food 
was the same as adopted earlier ( Pai, 1956 ). Whe total chloride content 
in gastric samples was estimated by the modified method of Whitehorn- © 
Volhard { Cole, 1949), and it was calculated in terms of mg. of chlorides 
per 100 cc. of the stomach contents. The results are shown in the Table 
No. I. 

Results and Discussions 

Several factors may operate under normal and abnormal circum- — 
stances to modify the state in. which hydrochloric acid exists in the 
stomach. A portion may remain in the free state, a portion may combine — 
with proteins present in the stomach and a variable portion may exist in — 
inorganic combination, In the event of excessive regurgitation of duodenal © 
contents into the stomach or excessive alkaline secretion of the pyloric — 
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‘glands, a large proportion of the secreted hydrochloric acid may be neutral- 
ized, and under such circumstances neither the curve of free hydrochloric 
acid nor that of total acidity can be regarded as indicating the true state of 
gastric secretory activity. Bolton and Goodhart (1933 ) have emphasized 
the fact that the curve of total chloride is more nearly representative of 
the true state of gastric secretory activity since it includes, in addition to 
free hydrochloric acid and hydrochloric acid combined with protein, salts 
of hydrochloric acid which are neutral in reaction, It has frequently been 
observed that the total chloride curve may continue to rise for a variable 
period after the acid curve has begun to fall, indicating that hydrochloric ~ 
acid is still being secreted but is being neutralized. The determination of 
total chloride in the gastric content is particularly valuable in the differ- 
entiation between true and false achlorhydria; in true achlorhydria no 
free hydrochloric acid appears in the gastric contents during the digestive 
cycle and the curve of total chloride is correspondingly low; in false achlor- 
hydria a normal amount of hydrochloric acid may be secreted but is not 

' present in the free state in the gastric contents because of excessive neu- | 
tralization, and under such circumstances the curve of total chloride may 

be essentially normal. 


As can be seen from the table, the total chlorides were averagely 
‘higher with the egg preparations except the egg-in-milk and the boiled 
eggs, than with the alcohol meal. In case of the alcohol meal, the fasting 
_stomach contents gave averagely highest chloride readings amongst the 
' corresponding readings obtained in other samples of the same fractional 
examination. The average chloride reading in the fasting stomach ~ 

contents was observed to be 385.0 mg. per 1oacc, This falls within the 
normal range as given by Cantarow and Trumper ( 1955), where they 
- state that the total chloride content of the fasting juice of normal subjects 
range from 160.0 to 550.0 mg. per I0o cc. or 45.0 to [55.0 milli equiva- 
lents per liter, They also state that the total chiorides vary within 
narrower limits than the free acidity. Omelette ( two eggs ) gave on the 
average the highest readings while the egg-in-milk gave the lowest read- — 
ings for the total chloride content. For raw eggs ( 100 gms. ), the average 
highest reading for the total chloride content was 435.0 mg. per Loo ce., — 
while for the same article but given in numbers of five, the highest reading 
was 440 mg. per Loo ce. ; for boiled eggs given in numbers of three, the 
average highest total chloride content was 360.0 mg. per 100 cc., for eggs — 
( two ) fried in ghee the average highest reading was 410.0 mg. per Ioocc., 
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: while for omelette ( two eggs ) the corresponding reading was 480.6 mg. — 
per 10occ. Lastly for eggs ( three) shaken in milk (100 cc.) the average 
_ highest total choride content was 320.0 mg per 100 cc. 
The highest chloride readings were obtained between 1-00 and 3-00 
_ hours aiter the intake of the articles in all the cases of the preparations of 
| eggs except in the case of raw eggs where the highest reading was obtained 
_ at 3-15 hours after intake.. This was not so, however, in case of the 
alcohol meal where the highest reading was obtained with the fasting 
stomach contents while the the total chloride content readings were lower 
in the subsequent samples. It may be pointed out here that the acidity 
' readings in the fasting samples were also higher than those in subsequent 
samples, In general the chloride graphs in case of the egg preparations 
' resembled the acid curves, 
Summary 

(x) The total chloride was estimated in the gastric samples with- 
drawn from normal human stomachs in reponse to foods like eggs and 
_ their preparations. 
(2) These were compared with the chloride content in gastric 
samples obtained after alcohol meal, 
(3) The peak of the highest chloride content was obtained between 
I and 3 hrs. in case of all preparations of eggs except raw eggs where it 
' was at 3-15 hrs. The chloride content readings after’ alcohol meal were 
_ lower in other samples than those in their fasting one. 
(4) -The curves for acidity and for chloride content were found 
' to resemble each other well. 
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SHORT COMMUNICATIONS 


THE ORIGIN AND INSERTION OF THE PECTORALIS MINOR 
MUSCLE IN MAN 


K. N. Buarcava, K. P. MEuRa. 


Department of Anatomy, Gandhi Medical College, Bhopal, India 
and 


S. N. BHARGAVA 
Department of Anatomy, G. R. Medical College, Gwalior, India 


N a perusal of the successive editions of Text-Books in Anatomy, it is 

noticed that the description of the origin of the pectoralis minor muscle 
has not remained exactly the same in all of them. Authors viz. Brash 
(1951 ), Schaeffer (1953), Johnston (1958 ) and Grant ( 1958) have recog- 
nized the fact that this muscle very often takes origin from the second rib 
and sometimes from the first intercostal space or the first rib, in addition 
to the 3rd, 4th and 5th ribs. Variations in the mode of insertion of this 
muscle have also been brought to light. Its main insertion is on the cora- 
coid process, Lut frequently also on the conjoint tendon of the biceps and 
coraco-brachialis. Occasionally a part or the entire tendon of the pecioralis 
minor passes over the coracoid process (separated from it by a bursa) to 
pierce the coraco-acromial ligament to be attached to the capsule of the 
shoulder joint. All these seem to indicate an evolutionary trend. A survey 
of the literature has shown that so far not much has been said regarding 
the morphological status and the functional significance of these variations. 
Records of these variations with regard to race and sex are also few. Seib 
(1,38) compared the origin and insertion of this muscle in American 
Whites and Negroes. Anson and his associates (1938) noted the varia- 
tions in the origin of this muscle but not with respect to sex or race. It 
is often observed in the dissection hall that in asthenic type of persons 
with a long sternum, the muscle is usually found to be more cephlic in 
origin. 
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' With the above points in view it was decided to investigate the 
origin and insertion of this muscle in the cadavers dissected during the 


routine course of dissections. A comparative study of the muscle in higher 
vertebrates was also undertaken. 


The findings in man are based on dissections of the pectoralis minor 
performed on 250 cadavers during the years 1056-59. The muscle was 
seen to arise from the upper ribs near their costochondral junction and 
also from the fascia covering the inter-costal spaces. The observations 
are grouped as follows : 


Fig. 1. Showing the variation in the origin of the 
pectoralis minoy muscle in man. 


Origin from Ist, 2nd, 3rd, and 4th ribs and intervening intercostal 
spaces was recorded in 6% of cases. 


Origin from 2nd, 3rd, 4th ribs and intercostal spaces was found to 
be in about 25% of cases, 


Origin from 2nd, 3rd, 4th, 5th ribs and intervening spaces in 46% of 
cases, 
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D. Origin from 2rd, 4th and 5th ribs and intercostal spaces in 20% of 
cases. 
_E. Origin from 3rd, 4th, 5th and 6th ribs and intervening spaces was 
recorded only in 5% cases. 


From the above observations it is evident that the classical descrip- 
tion of the origin of this muscle viz. from 3rd, 4th, 5th, ribs and intervning 
spaces is true only for a minority ( 20% ). 


The cephalic extension of the origin of the muscle in a much larger 
number of cases in this series in comparison to the findings of Makhani 
( 1957 ) might be due to the fact that a larger proportion of the cadavers 
came from scheduled tribes like Gond, Gokhrus etc. inhabiting this part of 
the country. All except one case in group I and 75% of group II 
belonged to the female sex. ; 

In all the cases the index denoting the relationship of the length of 
the manubrium and corpus sterni viz, 

Length of manubrium X I00 
Length of body 
was recorded. The average value of this index as given by Glaister ( 1950) 
is 54.3 in European females and 46.2 in European males. In groups I 
and 2 the average value was found to be 78 and in groups 3, 4, 5 it was 
58 in females and §4 in males. 


= Sternal Index 


A comparative study of the pectoral muscles carried out in higher © 


vertebrates by one of us ( Bhargava, 1957 ) indicated certain interesting 
features. The fectoralis minor muscle in many ungulates such as sheep, 
goat, and pig is represented by two muscles viz. (I) an anterior deep 


pectoral and ( 2 ) a post deep pectoral. Both the portions take their — 


origin from the sternum as well as the costal cartilages and are inserted — 


on the humerus. In the carnivora ( dog, domestic cat, wild cat and lynx ) 


a part of the muscle takes origin from the sternum and a part from the — 


costal cartilages and like the ungulates is inserted on the head of the 
humerus. In dog, the deep pectoral muscle corresponding to the pectoralis 
minor is quite extensive. 


Amongst the primates as stated by Gregory ( 1¢50) even in Gorilla 
the pectoralis minor is represented in two parts, viz. 1. pectoralis minor 
( proper) which takes origin from the distal bony part of the 4th and 5th 
ribs and the intervening fascia and is inserted by a round tendon into the 
extremity of the coracoid process Of the scapula and ( 2 ) pectoralis quartus 
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muscle which takes its origin from costal cartilages of the 5th, 6th, 7th, 8th 
ribs and is inserted in the coracoid. In monkey the origin of the muscle 
has undergone considerable cephalic shift and has a close resemblance to 


‘the condition in man. It arises from the outer surfaces of the 3rd, 4th 
and 5th ribs near their cartilages and is attached to the coracoid process 
( Bhargava, ’57 ). 


Comments 


From the above observations it is clear that the degree of develop- 


_ ment and the extent of the muscle on the ventral aspect of the chest varies 
much from animal to animal depending on the nature of the movements 
_ the limbs are subjected to. Thus one might expect that with the climb- 
ing and brachiating mode of progression and the pectorals coming more 


and more in use they not only shifted their origin from the sternum to the 


| costal cartilages, but their insertion too got secondarily shifted from the 


E 
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_ humerus to the coracoid process—an acquisition which greatly assisted the 


arboreal primates in their climbing and brachiating habits. With the 


broadening of the chest and the erect posture in man, the pectoralis minor 


shifted its origin more laterally and its insertion also got detached from 
the humerus to be inserted on the coracoid process. Morphologically the 
coraco-humeral ligament miay be regarded as part of the divorced tendon 
ef the pectoralis minor going to the humerus ( Grant 1958). Considering 
from a functional view point the cephalic shift of the pectoralis minor in 
man should assist the serratus antevior muscle to draw the scapula forwards 
round the chest wall more powerfully and elegantly—an action of great 
importance in man and primates when the arm is fixed. Moreover a 
pectoralis minor attached to the 2nd, 3rd, and 4th ribs should. also assist 


_ the elevation of these ribs and will effect forced respiration more efficiently. 
_ At the same time the cephalic shift of the muscle should considerably 


_ diminish its action as a depressor of the shoulder. The relative value of 
such a movement in man is rather insignificant. 


The present sample of cadavers is not large enough to subject the 
observations to statistical analysis but certain interesting points are 


brought to light. ‘The fact that the authors of text books, presumbaly on 
i the basis of data collected from cadavers belonging to the white races have 
noted in recent times a cephalic shifting of the origin of pectoralis minor, 
tend to indicate an evolutionary trend. Such a suggestion is most un- 
warranted in view of the fact that the so called primitive races show a 


larger percentage of cases in which this muscle has a higher origin. Another 
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important point worthy of mention is that the sternal index cannot be 
used as a reliable factor in the determination of sex. The average sternal 
index of 54 for males, which is much higher than the average figure of 46 
for males ( according to Glaister, 1950 ) is actually very near the sternal 
index for females. Our figures for the sternal index namely 54 for males 
and 58 for females tally with those obtained by Narain and Verma (1958), 


Summary 


The cephalic shifting in the pectoralis minor muscle in man was found 
to be associated with a higher sternal index. Female cadavers exhibited a 


higher origin of the muscle in a larger percentage of cases perhaps due to 
similar reasons. 


The functional advantage of the cephalic shifting of the muscle is 
discussed. 
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EFFECT OF INJURY AT SHOULDER JOINT ON THE TWO TYPES 
OF FIBRES OF THE PIGEON BREAST MUSCLE—A CASE STUDY 


R. M. Naix 
Department of Zoology, M. S. University, Baroda, India 


) ee pigeon breast muscle, pectoralis major, is a mixed muscle consist- 
ing of two types of fibres, the narrow red and the broad white fibres. 
In the studies conducted in our laboratories and reviewed recently by 
George and Naik (1959), these two types of fibres have been shown to be 
histologically and physiologically distinct types. In such a mixed type of 
‘muscle therefore, the changes brought about in its constituent fibres under 
conditions inducing atrophy of the muscle, should be of considerable in- 
terest. George and Naik ( 1959 ) have shown that in disuse atrophy of the 
pectoralis major muscle of the pigeon, when induced experimentally by re- 
stricting the wing movements for three months by means of a plaster cast 
at the shoulder joint, the white fibres showed great reduction in size, 
| whereas the red fibres were affected only to a slight extent. A pigeon that 
was injured at the shoulder joint on one side, happened to come into my 
hands and on examining its breast muscles the present observations were 
made. 


. _ The pigeon was purchased along with several others from a local 
dealer with no previous knowledge of its having been injured. On killing 
‘it and examining a fresh frozen section of a piece of the left breast muscle, 
‘during my studies of the bird flight muscles, I was astonished to find that 
all the white fibres appeared extremely reduced in size whereas the red 


fibres were almost normal. An examination of the breast muscle of the 
other side showed that both the types of fibres were normal or atleast no 


‘abnormality was detectable. The remaining portions of the muscle from 
both sides were then fixed in 10% formalin for further histological obser-. 
vations. On examining the carcass, a healed up wound at left shoulder 
joint was noticed. The cause of the injury could not be ascertained but 
however, the nature and the extent of the damage caused, suggested that 
it might have been inflicted by a bullet that brushed against the shoulder 


bliquely. On ee yeti a deep gutter wound extending from the 


surface of the body to could be detected. Some part of the 
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humerus and scapala proximal to the" acetabulum ‘were broken to pieces 
and nearly all the muscles around the wound showed acute fibrosis. There 
Was no sign of i injury on ‘the breast muscle. I have no information on the 
flying abilities of this pigeon but the nature of the injury suggests that 
the movements of the left wimg at the shoulder joint must have been con- 
siderably restricted. On the duces hand the right shoulder joint appeared 
quite normal. 
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Figs. 1-3. Microphotographs of the transverse sections of the pigeon breast 
muscles. Sudan Black B. Ae 
The normal breast muscle of the right side. Xroo. 
Left pectoralis showing signs of atrophy. X10o. 
Magnified view of the portion marked by. rectangle in fig. 2. 
White fibres are shown with arrows, 
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. | The frozen sections cut out from the muscle pieces fixed in formalin 
and embedded in gelatin, were stained with Sudan Black B and micro. 
photographed (figures 1-3). In comparison to the white fibres the red 
fibres in both the pectoralis showed greater affinity for Sudan Black as is 
the case with normal pigeons. Figure 1 represents the t.s. of the right 
pectoralis, where the two types of fibres appear normal. On the other 
hand, in figure 2 and 3, presenting the structure of the left pectoralis, 
nearly all the white fibres show great reduction in size whereas the red 
fibres are only slightly reduced... © 65° 2 = ttre ot? 3 
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These observations support the findings of George and Naik ( 1959 ) 
that, compared to the red fibres, the white fibres are more susceptible to 
' disuse atrophy induced by restricting the movements of the wing at the 
shoulder joint. 

Summary 


Ina pigeon that was injured at the left shoulder joint, probably by 
a bullet shot,'the left breast muscle showed signs of disuse atrophy in that 
all the white fibres showed great reduction in size, whereas the red ones 
"were only slightly reduced. On the other hand both the types of fibres in 
the right breast muscle appeared normal. 
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FREE AMINO ACIDS IN THE BLOOD OF SOME REPTILES 
AND MAMMALS, 


S. G. NAIR 
Veterinary College, Trichur, Kerala, India. 


‘bees free amino acids of the blood, like glucose and fats are nutritive 
substances on their way to the tissues. In man the amount of amino 
acids in the blood varies between 4.8-7.8 mg. Amino acids, besides being 
a source of nutritive material out of which the proteins of the body are 
built up, also regulate the osmolar concentration of the blood. Liver is 
directly concerned with the proper maintenance of amino acid level in the 
blood and the removal of this organ raises the free amino acid level of 
blood ( Flock 195t ). 


Very little information is available regarding the free amino acid 
content of the blood of various animals. 


Material and Methods. 


The free amino acid content of the blood of the following reptiles 
and mammals was determined, 


Reptiles Mammals 
Varanus griseus I. Suncus caeruleus 
Ptyas mucosus 2. Felis domesticus 
Naja naja : 3. Pteropus giganteus 
Vipera russelli 4. Macaca radiata 


Distira cyanocincya 
Natrix piscator 


Lissemys punctata 


Nae hed ei a ah a 


Geomyda trijuga 
The protein free blood filterate for the analysis was obtained by the 
method of Folin and Wu as given by Hawk, et. al., ( 1949 ). 

The free amino acid content of the blood was estimated by the 
method given by Hawk, ef al., ( 1949 ). 
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Results 
Total free amino acids in the blood of the animals examined 

Reptiles mg. per Ioo ml, of blood! 
I. Varanus 9-795 + 0.753 
2. Lissemys 7.224 + 0.326 
3. Geomyda 12.542 + 0.246 
4. Ptyas 9.994 + 0.463 
5. Vipera 8.788 + 0.042 
6. Naja 8.829 + 0.086 
7. Distira 12.648 + 1.756 
8. Natrix 10.333 + 1.882 

Mammals 
I. Suncus 14.138 -+ 4.556 
2. Pteropus 9.043 + 1.043 
3. Felis 10.323 + 0.441 
4. Macaca 7.070 + 0.237 

Discussion 


Among the animals worked out no marked differences between the 
_ Teptiles and mammals in the free amino acid content of the blood could be 
noticed. 

Among reptiles-as well as mammals there is considerable variation. 
_ Thus among the reptiles the free amino acids in the blood of Lissemys 
| amounts to 7.224 + 0.326 while that of Geomyda, another chelonian is 
12.542 + 0.246. Among mammals Macaca shows a value of 7.0;0 + 
_ 0.237, while that of Suncus is 14.138 -++ 4.556. The value obtained for 
_ Macaca compares favourably with that for man which varies between 4.8 


The high value obtained for Suncus ( 14.138 + 4.556) may be due 
to its high metabolic rate and the high protein content in its diet, being 
; an insectivore, In this connection it may be mentioned that this animal 


1955 ). 
Summary 
No significant differences between reptiles and mammals couid be 
‘noticed in the free amino acid content cf their blood in both groups. 
In the both groups there are animals with high and low values. 


Too : S. G, NAIR 


Acknowledgement 


My greatful thanks are due to Dr. C. J. George for the suggestion 
of the problem and for guidance. I am also indebted to the Director, 
Haffkine Institute for kindly supplying the shrews, and to the authorities 
of Taraporevala aquarium, Bombay for supplying the sea snakes. 


References 


I. Flock, E. V., Mann, F. C. and Bollman, J. L. 1951 ‘‘Free amino acids in the plasma 
and muscle following total removal of the liver’. J. Biol. Chem., 192, 293-300. 


2. Hawk, P. B., Oser, B. L., and Summerson, W. H. 1949 ‘“‘ Practical physiological chem- 
istry’, The Blakiston Company, Philadelphia and Toronto. : 


3- Meyers 1924 ‘‘ Blood volume of normal persons”. Physiol. Rev., 4, 274-328. 


4, Nair, S.G. 1955 ‘‘ The nonprotein nitrogen in the blood of some reptiles & mammals”. 
J. Anim. Morph. Physiol., 2, 2. " 


[ Received for publication on 2cth January, 1959 ] 


REVIEWS 


| _ Fundamentals of Ornithology—By JosseELyN VAN TyNz and ANDREW 
J. BERGER, (19539). John Wiley and Sons, Ine., New York 16, xii + 624 
_ pp., 252 illus., $ 11.75, 

7 Van Tyne had for many years toiled towards the presentation in a 
_ single volume, a comprehensive treatise on the life of birds, to the modern 
_ Student of ornithology. But his untimely demise early in 1957 would 
. have deprived the world of the thoughts and ideas of a great scholar had 
| not his friend Andrew Berger fulfilled a solemn promise of completing the 
work in the event of the former’s inability to do so. 


Modern ornithology is not merely bird watching as is popularly 
_ understood but has grown itself into a great subject comprising of several 
highly specialized areas where modern techniques of scientific methcdo- 
logy are being increasingly employed. So the task of the authors has been 
_ a stupendous cne in attempting to present in a single volume a gist of all 
our present knowledge of the life of birds. One important criticism 
against this book could be that this attempt to cover in a single volume 
what should really have been done in two volumes, is rather too ambitious. 
Such a criticism canrot be justified because the authors’ purpose in 
presenting to a graduate student a basic knowledge of the life of birds is 
clearly indicated in the title of the book itself and to my mind they have 
admirably fulfilled their task. We have excellent treatises in bird biology 
which are more useful to the teacher than to the student. So now, we 
“have for the first time a book which is the only one in the English 
language if not in any language, giving a comprehensive treatment of the 
subject for a modern student. It must be also mentioned that the autbors 
have not tied themselves down to giving just the bare fundamentals but 
have intelligently utilized every opportunity to give an insight to the 
student into the vast areas of knowledge that still lie unexplored. 


The book, however, as all books are in their first appearance, is not 
without defects. The most striking is that it is out of date by a few 
years during which time some very exciting and important advances in 
our knowledge of the biology of birds have been made. The recent studies 
of the stellar orientation, the use of radar and the problem of energetics 
in sustained flight in understanding migration, have not been included. 
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Similarly the discovery of the salt glands in birds is also a conspicuous 
omission, Looking into the circumstances under which the book was 
written, these shortcomings are pardonable and could be profitably 
remedied in the next edition of the book. 


“Fundamentals of Ornithology” is a great work which certainly has 
filled a vacuum that has hitherto existed. In the chapters for which Van 
Tyne was chiefly responsible, the personality of a great ornithologist that 
he was, stands high as a cliff while in others that of Berger, the gifted 
anatomist, is clearly discernible even though one would have wished for a 
greater mingling of the talents. The excellent illustrations by George Sutton 
have added lustre and elegance to the book thereby rendering it a thing of 
beauty. Finally I should like to mention that I am personally interested 
in this book because it has come at an opportune time when..J have been 
looking for a single book which could be recommended as a text-book at 
the University of Baroda, for our newly intreduced graduate course of 
Avian Biology which is the first of its kind in India. 
J. C. GEORGE 
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